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1.0 INTRODUCTION

| | 1.1 Purpose:

ﬁ: The purpose of this report is to document the results of the

" environmental temperature tests performed on the E/O Bench and Electronic
= Station (E/O Augmentation) which is part of the AH-64 Automatic Test Equip-
e ment (ATE). This environemtanl testing will indicate the E/O Augmentations

ability to support the AH64 Target Acquisition Designation Sight (TADS)/
ﬁ; Pilot Night Vision System (PNVS) at the required high and Tow operating
temperature extremes, to which it will be exposed in field environment.

1.2 Test Objectives:

s The objective of this testing is to perform environmental tests

= which will generate performance characteristics of the E/0 Augmentation at

B temperature extremes of 65°F and 90°F for engineering evaluation. These

_ temperature extremes represent AVIM operational ambient temperature limits.

ﬂi The tests performed provide an indication as to the ability of the E/O
Augmentation to maintain the measurement accuracies necessary to properly

“5 evaluate and test the TADS/PNVS LRUs and SRUs.

b. Specific objectives are:

1. Perform Augmentation Acceptahce Test Procedure (ATP) 13082803 at
the low temperature extreme. '

=TT

fe N
.‘\‘J

f? 2. Perform ATP at the high temperature extreme.

5 3. Determine the amount of temperature induced boresight shift that
- is present in the Far Infrared Module.

b:

o . 4. Determine the amount of temperature induced focus shift that is

| present in the Far Infrared Module.
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- 5. Determine the amount of temperature induced alignment shift that ]
. is present in VIS/NIR UUT Optical path. B
4

ﬂ!‘ 6. Determine the amount of temperature induced focal shifts that are ﬁ%
present in the VIS/NIR UUT Optical path. 5

&

- 7. Determine the amount of temperature induced alignment shift of the ]
L4

l! Visual UUT optical path contained in the Optical Signal Generator 9
B (0S6).

\e
N 8. Determine the amount of temperature induced alignment shifts of
- the EO MUX Optical path contained in the 0SG.

(90
' 9. Determine the amount of temperature induced focus variations which
Ei are present at the visual port of the 0SG.

e 10. Determine the amount of temperature induced focus variations which

are present at the EO MUX port of the 0SG.

Upon completion of the objectives listed above, Martin Marietta collected
the data necessay to perform the required engineering evaluation. The
. objective of this evaluation was:

2 PR 1

1. Evaluate those portions of the ATP which failed either high or low
temperature tests. :

-

A0
N
[ ]

Evaluate data collected during optical testing with respect to
- overall Augmentation performance.

3. Make recommendations referencing the results of the environmental
) temperature testing. _ B

’JIM
PO




2.0 TEST EQUIPMENT

2.1 ATP Test Equipment

Section 3.3.
2.2 Special Test Equipment
2.2.1 In addition to the equipment listed in Section 2.1 the fol-

lowing special equipment was utilized to measure focus and Boresight sifts
of the E/O0 Augmentation:

W 00 ~N O 0 & W N =
L] L

.

-
N o= O
L ] L3 .

13.
14,

1.3 Applicable Documents:

L ih b

13082803
DRC-C-M402003
13082808-19

Acceptance Test Procedure Augmentation
Critical Item Development Spec
Electro-Optical Bench
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Equipment requirements shall be as listed in ATP 13082803,

EZ8-082800A Optical tool

EZ8-082787A Optical tool

EZ8-082798C Optical tool

Video Monitor RCA

TOAN 4-6 Collimator

[-150 Cuda Fiber Optics Light Source with 36" Fiber Bundle
Two .125" x .5" Steel Dowel Pins

2 x 3 Inch Retro-reflector Corner cube

2-6" Flat Granite Parallels

K&E Model 71-2030 Autocollimator with angle reading attachment
20x Traveling Microscope with X, Y, and Z travel

Temperature chamber capable of enclosing the E/O Augmentation
and maintaining 65+3°F, 90+3°F temp. profiles. (See Appendix
A-5 for chamber description)

Fluke Data Logger 2240C

Thermal Couples Type E-7.
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2.2.2 The following test equipment was used to characterize the
optical tools:

1. Temperature chamber to enclose the optical test tools at ]
65 +3°F and 90 +3°F. See Appendix A-3 for chamber description. ¥

2. Thermotron Thermal Chamber S-1.2.

3. Invar test stand. See sketch - SKOO1 in Appendix A3 for Stand 3
Description. Tfi

4, Kane Mary Temperature Probe EQ728493.

5. Ray Chem. Mini Gun 3, Heat Gun.

6. Air Isolated Optical Table. B
20 x traveling microscope with x, y, and z travel. ;”!

8. Nikon 6D Autocollimator alignment scope. -

9. Fluke Data Logger 2240C.

10. Brunson Model '81' Alignment Scope.
11. D1A Optical Test Stand.

12. Thermal couples Type E57.

2.3 Optical Tool Characterization

2.3.1 The optical tools determined to have an effect on measurement
accuracies were the EZ8-082798C tool, the EZ8-082800A tool and the
EZ8-082787A tool.

These optical test tools were temperature characterized with j;:
) respect to Focus and Boresight shifts over the temperature range of :f;
N, interest. The results of this characterization are shown along with the ‘?;1

test setups and procedures in Appendix A-3.

A1l other test equipment used during the environmental tempera-
ture test was determined not to inject any measurement inaccuracies into
the test and consequently were not characterized.
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3.0 METHOD OF TEST 3

The test methods employed are a combination of Automatic tests, Manual
electro-optical tests, and electro-optical software algorithms.

The Automatic tests consist of the ATP tests which are performed at
the test operators keyboard remote terminal, no manual measurements or
actions are required, with the exception of prompted commands.

The manual electro-optical tests are those tests which the test
engineer is required to perform. The test engineer initialized the E/O
Augmentation, attached the required external test equipment, made the
appropriate measurements, and recorded the test results. These tests are
FIR Boresight and Focus; 0SG Boresight and Focus.

Electro-optic Algorithms are those optical tests which are performed
from the test operators keyboard remote terminal. The test engineer is
required to connect the required external optical stimulus prior to per-
forming each test. Once the tests are initiated, the E/O algorithm is used
to provide electronic stimulli, make the necessary measurements and record
the data. The results were recorded via computer printout making them
available to the test operator. Optical measurements which were performed
by computer algorithms are VIS/NIR Focus and Boresight. See Appendix A-4
for the complete listing of the computer algorithms used.

Due to the types of activities which took place during the execution
of the temperatufe testing a specific test order was implemented. In order
to not disturb the optical test tool alignments and retain similar mechani-
cal interfaces, the optical test measurements were performed sequentially
at the two temprature extremes. This guaranteed all optical test data
obtained ws the result of temperature variations of the equipment under

- test and not due to variations in test setups and mechanical or optical
interfaces. To facilitate this, the Augmentation ATP tests were performed

at the low temperature profile, followed by the optical tests also per-
formed at low temperature. The optical tests were repeated at the high
'#; temprature extreme, followed by the Augmentation ATP which was also

k‘ performed at the high temperature profile.
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3.1 E/O Augmentation Temperatue Test “Test Sequence"

v T W ==

The following represents the order of testing which was observed
during the temperature test:

VERIFICATION TESTING

Thermal Chamber Evaluation - E/O Augmentation
Perform Augmentation ATP at Low Temperature Profile
Perform Augmentation ATP at High Temperature Profile
Develop and verify Software Algorithms for VIS/NIR Br
and Focus Tests

Tool Characterization Tests

Develop test methods for F/R and 0SG Optical Evaluat

TEMPERATURE TESTS

Twenty-four hour soak at 65 +3°F

Perform Augmentation ATP

FIR Module Boresight Test

FIR Module Focus Test

VIS/NIR Module Boresight Test

VIS/NIR Module Focus Test

0SG Boresight Test - TV and EO Mux Ports
0SG Focus Tests - TV and EG Mux Ports.

HIGH TEMPERATURE TESTS

Twelve hour soak at 90 +3°F

FIR Module Boresight Test

FIR Module Focus Test

VIS/NIR Module Focus Test

VIS/NIR Module Focus Test

0SG Boresight Test - TV and EQO Mux Ports
0SG Focus Test - TV and EO Mux Ports
Perform Augmentation ATP.

sight

s e
N TR N




SRt RSO Bt R0 FYUR At S BN e e b et e gt Ak A M- Y - R al ol rt e SNCREE et st i den S TY YT TR TN T TR TR T T ow o v o o
....... R N . et ~ o . . -

3.2 vIS/NIR Boresight Test

y

!' 3.2.1 Boresight shifts due to thermal changes in the VIS/NIR colli- }
] mator module were evaluated by image position shifts, This was accom- 1
f; Plished by projecting a crosshair pattern into the VIS/NIR and imaging it b
) on the CID camera. The intersection of the crosshair pattern was estab- %
g! lished from the camera output. The temperature was changed and the new :

crosshair position found.

L See Figure 3.1.

o To accomplish this, the "EZ8-082800A A" tool with illuminator is
attached to the VIS/NIR mounting assembly. With the aid of a video
monitor, the crosshair pattern is focused on the CID camera. The inter-
section of the crosshair was found by a computer Algorithm which evaluates

- the CID camera output. The temperature was then varied and the new cross-
hair position determined.

3.2.2 Boresight Algorithm

!! The borésight shift of the VIS/NIR collimator was found using
B relative measurements. The point of intersection of a standard crosshair
was calculated at the low temperature then at the high temperature and the
differences were compared. This point of intersection was located in the
- following manner.

The crosshair was positioned as close to the center of the

camera's field of view as was possible by using the "A" tool., Data in the
center 20% of the camera's field of view was then sampled.
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The intersection of the crosshair needed only to lie somewhere near the
center of the sampled area.

') ':wﬂs «—CID CAMERA —
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The horizontal lines signified by 1 and 2 are respectively searched
from left to right for the location where the vertical part of the cross-
hair intersects them. Lines 3 and 4 are then respectively searched from
top to bottom for the horizontal line of the crosshair.

A snapshot of the sampling area in the center of the camera's
field of view is taken and stored in a matrix. The edges of this area are
then searched for the point where the leg of the crosshair intersects it.
This point is found by detecting changes in light intensity. A black

- crosshair was projected on to a white field. The CID camera digitizes this
i' data. Totally black objects are equated with the numer 255. white objects

are lower numbers depending on intensity and contrast. In our case, a line
i of digitized data along the edge of the block would resemble the data
figure below.

N ot dnd
. L |

]

e

140 143 142 147 152 149 160 184 196 201 194 173 152 149 142 144 14] ;j
This could interpolate to a Gaussian line similar to the ,?]
following: _ : 55;
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Noise spikes can be detected along the lower ends of the curve.
They play a lesser role when an event is occuring, i.e., the crossing of a

. | line.

E? Due to the small width of the lines composing the crosshair, the
digital output never reaches 255 (total black). The relative width of a

!? line depends on where a white to black threshold is established. Once

g established relative changes in line position can be evaluated. In the
boresight program, 180 was used as the white to black threshold. It was a
value chosen to keep the effects of noise at a minimum.

The edges of the sample area are searched for a plus crossing
(positive slope) and a negative crossing (negative slope) of 180. The
distance between these points represents the line width therefore, the
point exactly betwen these points would be the center of the line.

i

'-AJAJLJ VP

When all four sides have been searched, four pairs of coordinates
. exist. These coordinates are made relative to the lower left corner of the
.._ sample area (point [0,0]).

iﬁ The straight. line between the left and right points and the upper
and lower points represents the crosshair. The slopes of the two lines are
!! found by the formula:

Slope M = (Y2-Y1)/(X2-X1)
- Now, the coordinates of two points and the slope of two different

lQ lines are known. With this information, the simple formulas shown below
can be solved which will give the (X,Y) coordinates of the intersection of

§5 two straight lines, i.e., the intersection of the crosshair.
For the vertical lines:
Yi= (M *X1) + 8B
Y
9
L 3
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Where:

Y1 = Y point on the line ]
X1 = X point on the line .'4
- ‘M = Slope of the line o
i B] = Zero crossing at axis -
h e
Solve for By: ;ii
r By = ¥1 - (M * x1) s
3 For the horizontal line: -
.
- Y2 = (M2 * X2) + B2
i Solve for By:
A Bz = Y2 - (M2 * X2)
' - .',
3 The intersections coordinates are: <
3 ) -
i X = (By - B2)/(Mz2 - M1) o
Plug X into either of the first two formulas and solve for Y: j:
2 -
P Y = (M] * X) + By
b Y = (M2 *X) + 8 3
3 (See Appendix A-4 for Algorithm listing) R
- ‘ ]
- 3.3 VIS/NIR Focus Test =4
p \:
3.3.1 Focus shifts due to thermal changes in the VIS/NIR collimator }f
f: lenses are evaluated by measuring image size variations. This was accomp- :ﬁq

1ished by projecting, from an external collimator, a slit image into the
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VIS/NIR collimator. The image was focused onto the CID camera. The slit
width is measured, as seen by the camera, at different temperatures. Focus
shifts i.e., slit width variations are expected due to the physical charac-
terists of the VIS/NIR lenses. See figure 3.1l.

To accomplish this, the TOAN 4-6 collimator with a 13 um slit
target was set up externally to the temp chamber. The slit target is
illuminated with a filtered light source. With the aid of a video monitor,
the external collimator optical axis is made coincident with the VIS/NIR
optic axis through a small opening in the temp chamber wall. The VIS/NIR's
collimator lense assembly is then moved to best focus position i.e., smal-
lest slit width as viewed on the video monitor. The slit width is then
measured by utilizing an Algorithm which evaluates the CID camera output.
The temperature is varied and the slit width remeasured.

3.3.2 Focus Algorithm

To prevent dismounting and remounting of the target in the “A"
tool between temperature changes, the focus test was performed by projec-
ting a vertical white line on to the camera detector from an external
collimator. The snapshot of a single horizontal 1ine is taken with the CID
camera.

e /66 PIKELS
/ C\D CAMERA

PR L [ _I

~ Pyyeid

(&— 250 nps —B

Line 1 is 100 pixels long and is positioned at the horizontal center, line '

120. Line 1 is searched from left to right seeking the white vertical
line. This is done several times (20 to 30) and an average is taken. Each

n
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time the line is scanned, the data is stored in a vector matrix where cal-
‘.| culations will be made. The curve will be inverted from the boresight data
R because with the focus test, a white line was projected on to a black back-
ground. The curve resembles the one shown below:

LINE
’ [_ WO TW
———

- THRESHOLY

A INTENS/TY

PIXELS

The digitized data ranged from intensity levels of 255 to about
190. The threshold used was 235. Due to the inherent noise in it is neces-
i' sary to take several data samples and average. It was also noted that more
noise is found in white fields than in black. Occasionally, the sample was
.. too noisy for accurate results and was automatically rejected by the soft-
= ware routine. Using the threshold of 235, the linewidth was calculated.
Twenty good samples were taken to give greater accuracy.

With a change in temperature, it was expected that the focus of
the day collimator would change. This is due to the properties of the opti-
cS 1in the collimator. The VIS/NIR is designed to automatically compensate
for this thermal change. By taking another set of samples and calculating
an average line width, it could be established whether or not the line
became wider, (moved out of focus) or became narrower, (moved in focus).

:‘-.::'-’-j"

Using this method of line width focus evaluation, the focus at
Tow temperature and high temperature could be evaluated.

i (See Appendix A-4 for Focus Algorithm Listing)
L




) 3.4 FIR Focus and Boresight Tests

!' 3.4.1 Boresight and focus shifts due to thermal changes in the FIR

ﬁi collimator module were evaluated by image position shift and image focus

5 degradation respectively. This is accomplished by viewing a FIR slit

- target with an external telescope. See Figure 3.3.

‘ This is accomplished by attaching the EZ8-082787A tool to the

;{} FIR mounting assembly. The FIR target wheel is driven to position 5 and

L the slit is illuminated with the fiber optic light source through the FIR

s aperature. The "A" tool is then focused and the position of the slit with

- respect to the internal crosshairs of the "A" tool is measured. The

- temperature is varied and changes in position of the slit and focus of the

Es _ "A* too) are recorded. (See Figure 3.2).

N 3.5 0S6 - EO MUX Focus & Boresight Tests

. 3.5.1 Boresight and focus shifts due to thermal changes in the EO MUX
collimator of the 0SG module are be evaluated by image positions shifts.

e ~ This is accomplished by establishing the EO MUX optical axis and measuring

& displacements of the projected target referenced to this axis. See Figure

P 3.4,

‘ After installing .125" x .5" Dowel pins in the 0SG EO MUX

. locating holes, a parallel was placed against the pins. A corner cube was

) placed such that one flat side was pressed against the parallel and another

o flat side was against EO MUX mounting surface. The third side of the

corner cube establishes a plane perpendicular to the EO MUX optical axis.
. With K & E scope was autocollimated off flat side of corner cube. The K &
‘;; E scope axis was coincident with the EO MUS's optical axis. The corner
cube was removed and the 0SG lamp turned on. The 0SG filter was placed in
the EO MUX position and the displacement in target image location with
reference to the K.& E scope crosshair was measured. Focus position of
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scope was recorded. The temperature was varied and the Scope was again set
for optical focus. The two focus settings were then compared resulting in
measured focus shift. See Fiqure 3.2.

3.6 0S6 - TV Focus & Boresight Tests

3.6.1 Boresight and focus shifts due to thermal changes in the TV
side of the 0SG module were evaluted by image position shifts. This was
accomplished by superimposing the 0SG target image on a crosshair reticle
tool, which simultaes the TV focal plane. Image displacements were
measured with a traveling microscope. See figure 3.4.

After attaching the EZ8-082798C crosshair tool to the TV side of the
0SG module, the 0SG Tamp was illuminated, the TV mirror was set to the
*OUT" position, and put the filter to the EO MUX position. The traveling
microscope was focused on the center of the crosshair reticle pattern and
the positions of the target image were measured in the X, Y and Z direc-
tions with reference to the crosshair pattern. Positions X, Y & Z were
remeasured and recorded at hi temp. See Figure 3.2.

3.7 Augmentation Acceptance Test Procedure

3.7.1 The E/O Augmentation Acceptance testing was performed as speci-
fied in ATP document 13082803.

'''''''''

-‘? SRS
S TR




v ~ ot Anat St ad ad dod Fad Yh S Arh g Y S AR vl - oG A e e R e T DR o k
r.r MOt NG e i bt et A4 A M MG R RS . .

-4

' "
G >
N

ELECTRO-OPTICAL TEST BENCH SET

PART ND. DESCRIPTION
/ DAY SIDE TEST BENCH ASSY (13082800)
2 TEST CONSOLE TEST BENCH ASSY (13082795)
3 NIGHT SIDE TEST BENCH ASSY (13082782)
4 056

Figure - 3.0

15 B

= om e - k
" A T AT T,
Ragransr, ol T T
L A AR L .
T T T e e A . . DIPoN
S s DRV APV SV VT U VP P U S S U, Lo ma A 2 Sadadod PR WA W Gy A




.................

WALL

THERMAL CHAMBER E Dﬁ//_@
-

P N
-

o

VIS/NlRE
FOCUS TEST

VIS/NIR
BORESIGHT TEST

Pl
DAY SIDE TEST BENCH Assr (13082800)

EXTERNAL CDLUMATOR W/ SLIT TARGET

EXTERNAL LISHT SOURCE

EZ8-082800 A TOOL

EXTERNAL LIGHT SOURCE

CI1D CAMERA

Figure - 3.1 16

. Pe o -
e ha o 2

.

_a

al

7 RS £ O R T |
‘_AA.kL;‘.'.“‘ N A "y

bl

-




Kl

.

I

8

*

GREEN CRDSS HAIR ]
\W\AGE OF KRE SCOPE R
IMAGE THROUGH
20 X MICROSCOPE ]
B
7 ]
& /
Va
056 T.V, TEST 056 EO MUX TEST
FIR TARGET:
BRUNSON SCOPE CRDSSHAIR
LINE WIDTH = 6.5 SECS. OF ARC
FIR TEST
TEST VIEWS
Figure - 3.2




. “:
TARGET WHEEL '
2
" |
‘ ]
\W :
oy
’ P " |
< -
Py ol
1
3 |
o -
= 1
i FIR |
FOCUS & BORESIGHT TEST
o
[PART NO PTI
/ NIGHT SIDE TEST BENCH Assy (13082872)
- 2 E28-082787 A TOOL
o 3 EXTERNAL LIGHT SOURCE,FIBER OFTICS
Figure - 3.3
‘
18




...............................
.....................

Pl it R

T.V. SIDE

MUX SIDE—"

056
T.\. FOCUS &
BORESIGHT TEST

05G EO MU X FDCUS & BORESIGHT TEST

{PART AR DEQCRIPTION
056 '

EZ8-082798 C TODL
TRAVELLING MICROSCOPE
CORNER CUBE
PRI1SM
K2%E SCOPE
TEST CONSOLE TEST BENCH ASSY (13082795)

\)&UIPD‘N-

Figure - 3.4
19

PP PGy T




-4

e
.

40,0

vy
ki
..

(1

TetWSm

--------

4.0 TEST RESULTS/CONCLUSIONS
4.1 Verification Test Results

Prior to demonstrating the formal 2nvironmental temperature test, a
"dry run" was performed approximately one week earlier. The purpose of
this testing was to identify any problem areas which needed further devel-
opment, to evaluate temperature chamber performance, to verify that proper
Augmentation performance was realizable during the formal temperature test
demonstration, and to aid in the development of the Algorithm's used in the
focus and boresight tests.

4.1.1. Low Temperature Test

The first step in this testing phase was to insure the E/O Augmenta-
tion temperature chamber was capable of maintaining the desired low temper-
ature profile of 65 + 3°F with the E/0 Augmentation powered up and in the
operating condition. To verify this 16 thermocouples were placed in the
chamber to monitor air temperature profiles and equipment temperatures with
a Fluke Data Logger. (See Figure 4.1).
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After the proper temperature profile were achieved, 65 + 3°F, the E/O )
Il Augmentation was then cold soaked for 24 hours prior to the performance of j
the ATP. The ATP was then performed resulting in an all "tests passed" ]
condition, )
]
4.1.2 High Temperature Test >
»
The next step was to verify the E/O Augmentation temperature chamber
{‘ was capable of maintaining the high temperature profile of 90 + 3°F. Once
- the proper temperature profile was achieved the E/0O Augmentation was
temperature soaked for 24 hours. The ATP was then performed and the fol-
lowing failures were encountered:
éﬁ a) Matrix Switch ATP section 4.1.3.
b) Video Signal Generator ATP Section 4.1.10
' c) Photo Multiplier Tube ATP Section 4.2.4
d) Temperature Sensors ATP Section 4.6.1.
e) 28 VDC fixed power supply failure

The matrix switch test failure (a) consisted of relay 14 in Quadant 1
on all 16 relay cards failing to close and relay 15 in Quadrant 4 on all 16
relay cards also failed to close. Investigation of this problem showed the
- cause was two pushed pins on the major adapter contained in the center
N section. This problem was determined to also be the cause of the VSG
failure (b). After repairing the two pushed pins in the major adapter the
Matrix switch and VSG test were reran successfully. No further action was
required.
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The PMT failure (c) was caused by the PMT controller going into an
overload condition before the photo multiplier tube temperature sensor
reached its ATP specified operating temperature. The manufacturer was
contacted and informed of the problem. The manufacturer advised Martin
Marietta to readjust the current overload threshold potentiometer, R14, in
the PMT controller, as upon initial setup the pot was set with too low of a
current threshold. Based on this advice the PMT controller was removed
from the electronic station and R14, the current overload potentiometer,
was set to a value 10 percent less than the initial factory setting,
resulting in a higher current threshold. The PMT controller was then re-
installed in the electronic station. After allowing the PMT cooler to
stabilize at its operating temperature, the PMT test was successfully rerun
with no overload condition existing. To prevent future occurrences of this
problem MMC will consult with the PMT vendor and establish proper adjust
procedures which will become part of AUG engineering data package.

The DC temperature sensors 1 and 3, located in the VIS/NIR Module,
failures were caused by the sensors indicating an incorrect temperature.
This was determined to be caused by the sensors being improperly wired.
Engineering had previously resolved this problem and the latest augmenta-
tion configuration incorporates the necessasry wiring changes needed to
correct the situation. ~Therefore this problem will be corrected when the
Augmentation SNOO3 is updated to the latest engineering.

The 28 VDC fixed power supply, contained in the electronic station,
failure was determined to be caused by a failure of the 600 Vdc power
supply contained in the VIS/NIR Laser Simulator.

The input stage of the 600 Vdc power had become a low impedance path
to ground causing the voltage output of the 28 Vdc power supply to fall
off, since it could not supply the current necessary to maintain nominal
voltage output. Failure analysis of the 600 Vdc power supply revealed the
input stage had indeed become shorted to ground through the 555 timer,
which sets the fixed switching frequency of the supply. Additional
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investigation revealed a design flaw in the capacitive coupling between the
drive transformer and the 555 timer. The coupling capacitor, which is a
polarized polycarbonate style was installed with the reverse polarity.

This caused the 555 failure by exposing it to the high voltage switching
transients generated by the drive transformer. Once the 555's output stage
became shorted, this created the low impedance path the ground on the +28
VDC 1line.

To remedy this situation the manufacturer (Advanced High Voltage
Corp.) was contacted and made aware of the problem, The manufacturer has
agreed to repair all existing units and incorporate design changes which
will have the capacitor installed with the correct polarity.

4.1.3 VIS/NIR Focus and Boresight Agorithm Development

Throughout this testing period algorithm development was taking place.
The results of this development were the generation of the two algorithms
used to determine the amount of focus and boresight changes are present in
the VIS/NIR. See Appendix A-4 for the Algorithm Listings and Sections
3.2.2 and 3.3.2 for an algorithm description.

4.1.4 FIR and 0SG Focus and Boresight
A dry run of the procedures outlined in paragréphs 3.4 and 3.5 was

performed to confirm the validity of these test procedures and familarize
test conductor with the test procedures and equipment.
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4.2 Formal Temp Test Results
4,2.1 ATP Test Results
b 4.2.1.1 Low Temp

The results of the ATP performed at the low temperature pro-
file, 65+3°F, (See Appendix A-2 for computer tab run) demonstrate the E/O
Augmentations capability to function properly at this temperature environ-
ment. Two failures were encountered; ATP sections 4.1.5, digitizer and
o 4.1.8 Resolver Simulator.

The digitizer failurer was caused by operator error when the
test engineer incorrectly connected connector J2 of cable P/N 79906184 to
major adaptor J2. After correctly connecting J2 to major adaptor J3, the
digitizer test was rerun and successfully passed ATP Section 4.1.5, there-
fore this section was signed off and called a good test per ATP section

' . 308.

b2 The Resolver Simulator failure was a non-repeatable failure.

- The ATP Section 4.1.8 was rerun two successive times following the failure,
each time successfully. The random failure was attributed to an Equate

N Missed measurement, consequently no corrective action was initiated. Upon

completion of the retest, the Resolver Simulator was called a good test per
ATP Section 3.8 and signed off,

The occurence of the two failures listed above and their
disposition has been recorded on Mars Tag #3TL1496, (See Appendix A-7)
resulting in an "all tests passed" condition at low temperature.

4.2.1.2 High Temp

The results of the ATP performed at the high temperature pro-
file, 90+3°F, (See Appendix A-2 for computer printout), indicates three
failures occurred. Sections 4.1.10 Video Signal Generator, 4.2.4 Photo
Multiplier Tube, (PMT) and 4.6.1 Temperature Sensors. These failures are
un-related.
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The PMT failure was caused by the temperature sensor, which is
located on Photo Multiplier Tube contained in the 0SA, not reaching the ATP
specified temperaure window of 10 + 5°C. Actual PMT temperature reading
was 17.8°C. To compensate for this the coldness setting, which is control-
led by an adjustment knob on the back panel of PMT controller, contained in
the electronic station, was moved to a colder setting. After allowing PMT
to restabilize at a new temperature, ATP section 4.6.1 was rerun success-
fully. Therefore, the retest was called a good test and signed off per ATP
section 3.8.

Based on the PMT failure encountered, it has been determined
that further engineering evaluation and action is required in this area. A
new procedure will need to be implemented to properly setup and initialize
the PMT controller. This new procedure must insure the PMT is capable of
reaching the correct temperature profile at both high and low temperature
profiles, while also guaranteeing the PMT face plate does not reach a
temperature less than 0°C, as this could cause the face plate to ice over
impairing its functional operation. Action will be as indicated in para-
graph 4.1.2 as a related problem occured during verification test.
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The Temperature Sensors, ATP Section 4.6.1, experienced three
l‘ failures, which were: —

a) Temperature Sensor 1, located in the VIS/NIR gave an incorrect
temperature reading
b b) Temperature Sensor 3, located in the VIS/NIR gave an incorrect -

- -

]
P
sa’e

temperature reading.
c) DBA Source B did not reach the ATP specified temperature in the ]
time allotted.

Failures a and b were caused by the temperature sensors being incorrectly
3 wired. The Augmentation configuration tested, SNOO3, has the Temperature
Sensors wired in such a fashion that they will always read a fixed tempera-

E& ture which is controlled by the potentiometer setting on the temperature

board 13082738. The sensors were initially set to read a temperature near
t; the low temperature profile, 65 + 3°F, which explains why the sensors pas-
)

sed the low temperature ATP test run. However, when tested at the high
temperature profile the failure was apparent.

This problem was discovered previously and current engineering
calls for the temperature sensors to be wired correctly. The only engine-
ering action required to correct this problem is to update the E/O
Augmentation tested SNOO3 to the proper documentation.

-
= per ATP section 3.8.

N

Sf The DBA Source B failure was caused by source B not being ]

3 stabilized at the proper temperature within the ATP specified time. This 3
r— test was immediately rerun, successfully, and signed off as a good test, ’

1

02 To insure that this problem does not reoccur, the times speci- ;
| fied in the ATP for the DBA sources to stabilize at the programmed opera- -4
| . d
k; ting temperature will be re-evaluated to insure erroneous "NO GO" events ]

are minimized and a slight increase in stabilization time is anticipated.
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The VSG failure, ATP Section 4.1.10, failed the composite synch

test. The critical timing signals which are required to pass the composite
Il synch test are generated in Programmable Pulse Generator (PPG) and the PPG
- in S/NOO3 has had a history of intermittent problems (Mars Tag 3TL1472),
therefore, it was suspect as to the cause of the VSG failure. After
removing the PPG card, the timing signals in question were found to check
good. The card (PPG) was then re-inserted which enabled the VSG test to
check good when reran.

. 1
"'.;h“._;m

Voo e
1. R

Further investigation revealed a thermal problem with ICs U5
and U32 on the PPG board. Replacing the IC's with new 54LS04's eliminated
the thermal problem and VSG passed repeated test runs, consequently, ATP
Section 4.1.10 ATP was signed off per Section 3.8.

The results of the failures listed and their disposition has
been recorded on Mars Tag #3TL1498. (See Appendix A-7).

[ 118N

It should be noted that past engineering evaluations have

'i revealed potential thermal problems related to the VSG. To correct this

the latest engineering calls for addition of cooling holes into the equip-
ment drawer, slots to be placed in the VSG assembly, and the camera
controllers to be separated by spacing bars. All of the above will provide
additional cooling to be VSG and lower the temperature inside the elec-
tronics drawer which also houses the PPG CCA. The E/O Augmentation
configuration tested did not have these modifications implemented.

g L R B [ &2 4 v vty
B TRRIORIIO0 S WAL W

-
L

27

(R Y L e, T . . P P T U SO WS a—a b T F S S S S GNP UL S G VT




: 4.2.1.3 The signoff sheets for both ATP runs are contained in
Appendix A-6.

R %
dndadeciine. L.

4.2.2 FIR Results Boresight & Focus

4.2.2.1 FIR Results Boresight.

!g The measured displacement was 10 seconds of arc or 48.5 micro-
) radians. Six seconds of arc can be attributed to the "A' tool. The
absolute measured value is 19.4 microradians.

- This shift is well within the FIR budget of 0.15 mrad.

4.2.2.2 FIR Results Focus

When exposed to the two temperatue extremes, no detectable
i: changes in focus were measured.
li (See Appendix A-6 for Actual Optical Data).

This shift is well within the requirement of 4%.
4.2.3 0SG Boresight & Focus Results

.
h 4.2.3.1 EO MUX Boresight

The amount of Boresight shift measured is as follows:
v X = 8 seconds of arc

B Y = 16 seconds of arc

This shift is well within the requirement of = 0.002 in.

[
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4.2.3.2 EO MUX Focus

No preceptable change in focus was measured between the high
an low temperature extremes.

(See Appendix A-6 for Actual Optical Data).
4.2.3.3 TV Boresight
The following Boresight shifts were measured:

.0002"
-.0012"

A .00U6" displacement can be attributed to the "C" tool thermal
characterization. Therefore, the absolute measured values are:

.0002"
-.0006"

> <
"

This shift is well within the published requirements of - 0.002.

4.2.3.4 TV Focus
A focal change, displacement f = .0013" was observed.
(See Appendix A-6 for Actual Optical Data)

This shift is well within the published requirements of 4.0%.
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4.2.4 Boresight VIS/NIR Results
4.2.4.1 VIS/NIR Boresight. The CID camera is an array of pixels
separated in the X direction by .0018" and in the Y direction by .0014".

The boresight displacements were measured to be:

X = 2.0 pixels x .0018" = 004"
Y = 11.2 pixels x .0014" = 016"

In angular measurements this corresponds to:

33 microradians
131 microradians

-< >
"

The "A" tool temperature characterization accounts for 29 micro
radians in the X direction, therefore, the absolute measured values are:

The required boresight accuracy is + 0.062 mrad.

X = 4 microradians
Y = 131 microradians

Preliminary data analysis indicates that this shift will not
render the VIS/NIR unusable; however, it will be necessary to establish the
VIS/NIR boresight immediately prior to use of the collimator for TPS pur-
poses. This will provide a "snapshot" of VIS/NIR alignment in the same
temp. environment which the TPS will be run and serve as tHe basis of a
relative measurement of UUT boresight shift.
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4.2.4.2 VIS/NIR Focus

Preliminary data reduction of the focus data taken shows an
irregularity in line width change over a continuous focus lens drive com-
mand; therefore, precise temp/focus shift conclusions cannot be made at
this time. The cause of this irregularity cannot be immediately
determined. Preliminary examination of data indicates that the focus
stepper motor may not be executing properly; this is not believed to be a
temperature induced failure. '

MMC engineering will continue to investigate and take appro-
priate action to resolve this item.

(See Appendix A-6 for Actual Optical Data)
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APPENDIX A-1
TEST PLAN

E/O AUGMENTATION ENVIRONMENTAL TEMPERATURE TEST
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TEST PLAN »

E/0 AUGMENTATION A

ENVIRONMENTAL TEMPERATURE TEST j

1.0 TEST OBJECTIVE %
To perform environmental, temperature, verification and qualificrtion tests B

on the TADS PGSE Electronics Station and E/0 Augmentation which will generate E
performance characteristics as a function of temperature for engineering ;
evaluation, {

2.0 TEST METHODS

PP

The test methods employed will be a combination of automatic tests (Aug-
mentation ATP), manual electro-optical tests, and electro-optical algorithms.
A1l tests will be performed at 65 + 3°F and 90 + 3°F. The verification "dry
run" test will constitute performing the Augmentétion ATP and all E/O Bench
focus and boresight tests. This will provide an indicator as to the performance

_... .,v., .
Al . . eg
b a A_“_.A ey A_“ .

of all test fixtures, test chambers, E/0 Algorithms, and the overall test strategy.

It will also identify any areas which need reevaluation or redesign to provide

the required test data.

The temp test will be performed approximately 1 week after the verification
test.

The E/O0 Augmentation is divided into the following sections:

a. Electronic Station

b. Visual-Near Infrared (VIS/NIR}

c. Optical Signal -Generator (0SG)
- d. Far Infrared Station (FIR)
- e. Optical Signal Analyzer (OSA)

The E/O augmentation will be tested as a whole unit by the performance of the

;: : Augmentation ATP. Also items b, c, d shall be tested individually to determine 1
focus and boresight performance characteristics as delineated in this test plan. -?

2.1 ELECTRONIC STATION
The Electronic Station will be evaluated by the execution of the Augmentation b
ATP, Drawing Number 13082803.

2.2 FAR INFRARED (FIR)

2.2.1E1ectronic characteristic of *he TiR Module will be evaluated by performing the
.. ATP,
a 33
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2.2.2 BORESIGHT MEASUREMENT

To determine the amount of temperature induced boresight shift, tool "A"
P/N EZ8-082787A. which has been temp. characterized for alignment will be
used. This tool, which mounts to the FIR in front of the optical aperture
will view an externally illuminated FIR target. The amount of temperature
induced reticle shift will be measured and recorded.

2.2.3 FOCUS MEASUREMENT

Focus shift will be determined by viewing the FIR target through the 'A'
tool and recording focus positions at temp. extremes.

2.3 VISUAL/NEAR INFRARED (VIS/NIR)

2.3.1 Electronic characteristics of the VIS/NIR will be evaluated by the
performance of the Augmentation ATP.

2.3.2 BORESIGHT ALIGNMENT
2.3.2.1 UUT OPTICAL PATH ALIGNMENT

The UUT optical path is evaluated by projecting the reticle of tool EZ8-
082800A onto the internal CID camera. The output of the CID camera controller
will be evaluated by a software algorithm to determine relative alignment shift
between temp extremes.

2.3.3 FOCUS

The VIS/NIR 'UT optical path focus shifts will be evaluated by projecting
a slit from an external collimator onto the internal CID camera. Focus
changes will be measured utilizing an E/0 Algorithm which evaluated the CID
camera controller output. These changes will be recorded between temperature
extremes.

2.4 OPTICAL SIGNAL GENERATOR (0Su)

2.4.1 Electronic characteristics of the Optical 5.gral Generator shall be
evaluated by the performance of the Augmentation ATP.
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2.4.2 BORESIGHT ALIGNMENT
To measure alignment shifts of the two optical paths, test tools EZ8-

s

yrap

1‘ 082798C, K&t telescope model 71-2022, corner cube prism, traveling microscope,
. and parallels will be used.

The temperature characterized EZ8-082798C tool is mounted at the T.V.
optical port. The 0SG target image is superimposed on the (cross-hair)

Seachb b

e

tool and viewed using the traveling microscope. Image shift is recorded be-
tween temp extremes.
The EO Mux optical path is measured by auto collimating off a co: ver cube
prism mounted perpendicular to the EO Mux mounting pins (via parallels). The
0SG image and corner cube are viewed in the K&E telescope. Relative image -—i

shift is recorded between temperature extremes.

2.4.3 FOCUS
g Focus shift will be determined by viewing the 0S5 image with the K&E »
[ telescope and traveling microscope focus positions are recorded at temp :

k- ) extremes.

2.5 OPTICAL SIGNAL ANALYZER (OSA)
hl The 0SA will be fuctionally evaluated by performance of the Augmentation
ATP.

3.0 TEST EQUIPMENT

T——

3.1 TEMPERATURE CHAMBERS

Two environmental test chambers will be utilized. The first test chamber

e
[

will be capable containing the complete electronics station and /0 Benc,

n‘,'
.
2

while the second will be used to temperature characterize the special test

R
‘

tools required.

3.1.1 E/O0 AUGMENTATION TEST CHAMBER
An enclosure will be designed and constructed which will house the complete

!

Electronics Station and E/0 Bench. It will be capable of maintaining the
(o equipment under test at a constant 65+39F or 90+43°F. The enclosure, while main-
taining the desired temperature profile, will allow the test engineer access to

P SOy Y O Y
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the Electronic Station and E/O Bench to connect cables, perform E/Q tests
and perform any maintenance required,

3.1.2 TEST TOOL TEMPERATURE CHAMBER

This environmental test chamber shall be capable of maintaining a constant
65 + 3°F or 90 + 3°F while test tools are being evaluated as to focus and
boresight changes. It shall have provisions tp supply whatever power and
cabling is required, while maintaining the desired temperature profile.

3.2 BORESIGHT ALIGNMENT

The following tools will be used to evaluate the Boresight shifts over
temperature of the UUT indicated:

Test Tool uuT
Tool A EZ8-082787A FIR
£78-082798 C 0SG TV Optical Port
K&E telescope mode! 71-2022 & Corner Cube 0SG Port
Tool A EZ8-082800A VIS/NIR UUT Optical Path

3.3 FOCUS DEGRADATION

The following test tools will be used to evaluate focus changes over
temperature of the UUT indicated:

Test uuT
Tool EZ8-082787A FIR
K&E telescope 0SG-EQ Mux
Tool A EZ8-082R800A VIS/NIR UUT Optical Path
Traveling Microscope 0SG-TV

4.0 INSTRUMENTATION

The E/0 Augmentation Test Chamber will have thermocouples installed at
locations thermal analysis dictates necessary. Once installed all temperature
outputs will be monitored to verify the temp of both the test chamber and
equipment under test is maintained within the specified temperature windows.

5.0 AUGMENTATION - E/O BENCH

The data obtained by running the Augmentation ATP will be utilized as
the baseline data for the environmental test. Initial focus and boresight
data pointsat rcom temperature will not be taken due to the small temperature
differential between 65°F and room ambient,
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5.1 TEST TOOLS

A1l test tools which will affect test measurement accuracies will be
temperature characterized prior to the verification test. This characterization "
shall consist of placing the tools in the tooling environmental test chamber
and measuring boresight changes over the temperature range of interest. This ‘i
data shall be recorded and utilized when characterizing the augmentation.

6.0 DATA ACQUISITION AND REDUCTION

6.1 ACQUISITION

Data will be acquired in three fashions:

1. Computer Printouts - The results of the Augmentation ATP and the E/O
Algorithms will be recorded via the computer readout.

2. Engineering Records - The data obtained by man in loop readings, such
as measured boresight shifts and calibration data, will be recorded
manually.

3. Data logger Printout - The temperature profile of the environmental
chamber and E/Q Bench will be monitored and recorded by a fluke

data logger.
A11 pertinent data will be recorded and documented for inclusion in the

final report.
7.0 GOVERMENT FURNISHED EQUIPMENT

The GFE will consist of a TADS/PNVS Augmentation Unit - P/N 1308-2808-19
(E/0 Bench and Electronic Station) S/N 0003.

This unit is provided on a rent free, noninterference basis. The unit
remains accountable as Government Property under Contract DAAK50-80-C-0014,

e o
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E/0 AUGMENTATION i
ENVIRONMENTAL TEMPERATURE TEST %
DATA SHEET ]
.
65°F 90°F S
1. FIR MODULE ‘
A) BORESIGHT ]
o
B) FOCUS -
C) ATP - PASSED ;
2. VIS/NIR MODULE
A) BORESIGHT
B) FOCUS
C) ATP PASSED
3. 056
g A) BORESIGHT
X TV
EO MUX
§
B) FOCUS
)Tv —————— ——————
g EO MUX _
C) ATP o PASSED
ki 4. OSA
5 A) ATP ~ PASSED
i
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APPENDIX A-2

ACCEPTANCE TEST PROCEDURE COMPUTER PRINTOUTS CHECKSUM PRINTOUT
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Page 1 of 26

TEMP. CHARACTERIZATION/EZ8-082798C

DATE: August 15, 1983
TEST CONDUCTOR: Joel C. Tollefson

1.0 TEST EQUIPMENT

Item Source
Traveling Microscope ---
Thermal Chamber MMC
Test Stand (Invar) MMC
Heat Gun ——-
Temperature Probe Kane May (EQ729493)
Optics Table MMC

2.0 TEST PROCEDURE

2.1 Set up the test equipment per Figure 1. Cool the tool in the
chamber to 65°F.

2.2 Procedure

2.2.1 Position the microscope such that the cross hair of the
EZ8-082798C tool is aligned with the scope cross hair.

2.2.2 Record the microscope's reading as a reference measurement
and using the temperature probe, measure the tool temperature. Record all
data on the data sheet.

2.2.3 Bring the tool to temperature of 90°F.

2.2.4 Repeat procedure 2.2.1.

2.2.5 Record the microscope's reading and the tool temperature
on the data sheet.
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3.0 SUMMARY

3.1 Recora on the data sheet the total
temperature for each test.

g Traveling Microscope

[
N i
l ! ! -
' ; } - mreemea———

Page & of Q¢

linear deviation and the

£28-082798C

]

L

- Test Stand

u

OPTICAL TABLE

FIGJRE 1 - Test Equipment Set-Up

DATA SHEET

1
L
L
”
e iima A ‘L';J

ey %

| i RIFERINIE MEASUREMENT || HIGH TEMP. MEASUREMENT |
| Test ho. 1] Temo | Verticle | Horizontal || Temp | Verticle | Horizontal |
| L | T | |
[ 1| estF | L8331 * || 90°F| .8025" | * |
| | | 1 L | 1 |

DATA SUMMAK

Measured
Test ho. AT Deviation
; ¢E°F .0006"

[¢H)

Measured
Deviation

to n= measured, and therefore is deemed to be

/,.,,7/ [ om0 555
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Page 3 of 26

TEMP. CHARACTERIZATION/EZ8-082800A TOOL

1.0 TEST EQUIPMENT

RO~
ot Y
A A 2 s A

UV

Item P/N Source
T. Auto collimator alignment scope 6D Nikon
Temp. chamber -- MMC
Data logger 2240C Fluke
Thermocouple Type E7 .
Thermal source S-1.2 Thermotron o

2.0 TEST PROCEDURE }

2.1 Test Set-Up

2.1.1 Set-up test equipment per Figure 1.

'I 2.1.2 Attach 3 thermo couples to EZ8-082800ATOOL and 1 thermo-
couple to chamber interior. Record position of thermocouple on the data {
F: sheet.

2.2 Procedure i

2.2.1 Focus scope of EZ8-082800A tool to infinity.

2.2.2 Low temp. 65° +3°F. . ]

e
g L

2.2.2.1 Position the alignment scope such that its reticle
L coincides with the EZ8-0828C0A reticle. Record any misalignment as a
F reference measurement on the data sheet.
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Page 4 of 26

2.2.3 High Temperature 90 + 3°

2.2.3.1 Increase the chamber temperature to 90° + 3°F and soak
for 2 hours minimum or until temperatures stabilize.

2.2.3.2 View the EZ8-082800A reticle through the alignment scope
and record the reticle deviation on the data sheet.

2.2.4 Record the total measured deviation on the data sheet.
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EZ28-082800 A TooL

ALIGNMENT SCOPE

1 [N S T
| FERCER I
. o
N Al v s s

PR

p U

LIS Sousce 3
OPTICAL TABLE / / -1
a .

CMM(I / Channe | cf""l

FIGUKE 1
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DATA SHEET

2.1.2 Thermocouple Position

Channel 1 - Base of the leg holding the end of the scope
Channel 2 - Near center of mounting base

Channel 3 - Chamber ambient position

Channel 4 - Center of scope

2.2.2.1 Low Temp.

Temp. 63.7°F
Reference Measurement: 10 secs.

2.2.3.1 High Temp.

Temp. 89.8°F
Measurement: 13 secs.

2.2.4 Total Measured Deviation

..‘]
N
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Temp Characterization/EZ8-082787A Tool

1.0 TEST EQUIPMENT

Item P/N Source
- alignment scope model 81 Brunson
: stand - Nikon
adapters -—- MMC
(scope to stand DIA)
temp. chamber -——- MMC
temp. sensors -—- MMC

2.0 Test Procedure

- 2.1 Test set-up per fig. 1
2.2 Procedure
,. 2.2.1 Focus scope of EZ8-082787A tool to infinity.
‘ 2.2.2 Low temp. 65° + 3°F
. 2.2.2.1 Position the alignment scope such that its reticle

coincides with the EZ8-082787A reticle. Record any misalignment on the
data sheet as a reference measurement.

- 2.2.3 High Temp. 90° + 3°F

2.2.3.1 Increase the temp. chamber to 90° + 3° and soak for 2
hrs. minimum, or until the temperatures stabilize.
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2.2.3.2 View the EZ8-082787A reticle through the alignment :
' telescope and record the reticle deviation on the data sheet. 1
2.2.4 Record the total measured deviation on the data sheet. -
]
4
- 4
X

=

Py

150

-4
o a2




[ 4
PN\
L

gr

u
o
) . .
! .
PO T S S Sl e

STAND

- NOW
/ -E2R-08ITNTA

T T

-0
AU N ~

3 v [ CeamED R
3 Covs 4

’ﬁ\

N[

1 1

Pl

Irf
'S

4

» -—

X3

Fig. 1

Dz logger

151

- Aaiia N S




PR S

.........

Page 10 of
DATA SHEET

2.1.2 Thermocouple Position

Channel 1 - Near scope, on the leg supporting end of scope

Channel 2 - on the 1" thk base

Channel 3 - in the chamber

Channel 4 - on the center of s.ope
2.2.2.1 Low Temp.

Temp. 64°F _ Reference Measurement = 3.5 secs.
2.2.3.1 High Temp.

Temp. 91°F Measurement =.1 sec.

2.2.4 Total Measured Deviation = 2.5 secs




11!‘414 v Y T YT TNy e

— -

AT S A R

[ AN

MY W L W

— — L a0t e Satee g g o ol I 1
Ty ~411.:‘d O o 1“\.’11. Ty ..11. e ] 4._ B A ’ : e, .
. PR A . R :

]

€sl

dWwwlis L1S3L MYAN|

(2amwynd S

AL mu:.nc’/
d \ Mad aly -

CYOYLOW YFM.L) —3 _— Jn\/ﬁ
F0aN0s TvWAIHL

FRWD 1531 WNITHL AIODS  JAUVIMTICIOLOW  NON

Tao01

ST00L H0 NOIIVZISZLIOVIvAD

JINLYIIdAN3L d0d

dn-135 1531

[ N— ~ N -

ten e ‘r
goaloafy ,“_nt

153

PTG PRI

PP Ty W W TG WU S .

a2




A Sl SR AS ARAOACUCHC Shes SRS SRRSO SAE RS A AdiM IR ]M‘ 114. e yy e YT,y v Ot i A .144.\1‘1.111 LIRS PRI .

[ ]}

MAN 305 (QINOWTA 31N7d ¥3NOT) “
31vid dIN0D M3IIA - LNGAS y
ssN'J bty . t.—ﬁ p————— \\N k
N ————— N &
Sy © |
Lona rsz_Il_H ! |
l..“ - — Wb W
_ |

]
— o
i b
_ q

_ t—N

[}

— |-
i7na L3700 A..ﬂ-- 4_.“ : ]
4 , .
|||||||| 4
I;L &N 1
_._l||| 1
w02 |I|IL 3 .*.In lll.l‘:owlL = 3
— 2 -]

9/\ :3v26 ONIMVI0
WWO404ALS 173D 035017 : TWIA3IVA

SIO0L 40 (WI1VZTA3IOVAHD INLVAAdWIL A3 dIQWYHD  TWINIIHL




- F“' ~

e

iy o e =
-7 ) v .

N . YN et T

Ea . . L L. . .

. Y RGN WL Py Y 3 2 L a e

ad

.50 §

TEST STAND

MATERIAL : INVAR
QUANTITY : 3

Sketch 001

185

/173




AR Saas Ty T T e

T

e T-tmf’ ﬂ"c /. /‘( S - ﬁh(' Churac feri 2u tion
" |
| 4 792 % 4 8G2
| 3 673 % 3 695
1 2 660 ¥ 2 679
| 4 71,8 ¥ 1 661 % 1 683
'. 3 636 %

- 2 7066 % coGCO0 000000

1 697 ¥ 166:16:32:12 188:17:02:12
. 000000
16€:16:02:12
- 4 797 ¥ ) 601
3 668 % 3 692
(/raméer 2 658 ¥ 2 677
1 659 % 1 680
K Evaluation
o 006000 GCCOUOC
188:16:27:12 166316257312
‘ 782 %
- 3 €38 % 4 797 % 4 798

- 2 T44 % 3 62 ¥ 3 688

- 1 742 % 2 658 % 2 6173
1 657 ¥ 1 677
0000G0
1668:15:%57:08 C00000 soC000
188:16:22:12 168:16:52:12

- 4 791 % 4 797
o 3 658 ¥ 3 684
- 2 662 ¥ 2 669

4 791 % 1 659 % 1 673
| 3 656 ¥

- 2 772 % 000000 0C0U0O00

1 782 ¥ 188:16:17:12 1868:16:47:12

. 666000
e 1656:15:53:5%9
_ 4 788 ¥ 4 794
. 3 651 ¥ 3 630

2 670 % 2 665
1 662 % 1 668
Cc0GQ0
18E:15:53:47 ©00000 000000
| 168:16:12:12 186:16:42:12
- 4 789 %
[

N " 622 % 4 764 % 4 795
e 3 735 % 3 647 % 3 677
. 2 BL2 % 2 682 ¥ 2 €62
; ! 835 % 1 €713 ¥ 1 665

oocovo cuecec 0G00600
188:15:50:07 166:1620%312 18b316:37212

| .

\@

156

o reE T TR T e T, W T, W R T T

L R A 4 P LR I P 4 o S

L IR P 4

At

..
o
ra

PR S WP N

A A ha 4o ad

i A fdahan

N

" Vilvl. l

& L.- L

bl et aead b

T AT S

At

P CUPe SO )




Pl il i avdns Mbean)

Q7
798
805
50,6

Ll S IRV P

occceo
186:09:27:12

61,6
835
705

71,3

= A\ >

cocoo00
18217212012

800
696
683
646

[ S BRI 3

ocoo000
186:17:07:12

A A

Y oS

LR A A 4

-

189:10

- N W

185:09

[N N RV

189:06

N N

189:09

Lol S BAV I -3

169:09

187

811
80,2
81,0
61,2

gcocoo
:06:CT

8Q7
803
801
60,2

cco000
:58:08

77,3
< 596
720
757

600000
48308

795
653
71,2
748

goCco00QC
$38:07

60,6
792
80,5
804

ceEo00
i26:C3

w ~w B I A 4 A

o

Ladl S SRV .

182
791
783
71,5

000G00

189:10:48:08

) W b

779
797
742
71,0

Covo00

169:106:36:07

- N W

716
797
76,0
766

0060CC

189:10:26:C07

18¢

~

o

-

81,3
€10
81,1
€12

GocCa00

P1001&83C7

L R I R LK A 4 LR R

L I R 4

P .




e ot Rttt S T o o & Aash e S Sunlh S s Jin Sl

[ 1

(i ]

.
-

RN

T T ¥ T W W e e =

. 4 €83 % A 657 % -
S L 3 €34 % 4
¥ M 2 633 ¥ 2 628 ¥ =
1 663 ¥ 1 643 % 3
<y
T B 169:11:52:46 185:12:17:46 &
\' ,:
L L 3 61,9 % 1
; . A
€ 615 % 2 626 % 1
1 671 % \ 6i6 q
' — 0U0COo0s GCO0GC0 -1
. 7377 189211147346 =
3 631 % cbledde 169:12:12146  ﬁ
2 681 % -4
1 e % ;;
4 ) 3
169:11:17:31 4 3 6L6 ¥ 5
2 64T % 2 628 % :
1 679 ¥ 1 650 ¥ )
L e {
b4 720 ¥ i
1 742 % 3
4
4 -
0G0000 v < Z%g ¥ 4 671 % 4
185:11:07:31 599 % 3 643 ¥ 2
2 674 % , 630 2
! 01 % 1 653 ¥ ]
.
€00000 606000 ’
189:11:32:42 169:12:02:46 ¥
: 1
A 16 %
3 £g1 ¥ ‘ 7y ¥ 8 677 ¥
3 662 ¥ D Te s
? Ty 2 €91 ¥ g o
4 2 €30 % 3
1 711 % ,
! L6 ¥ 1 657 %
000000
00060
169:10:57:21 159'11°;2-*2 00000
Pilizzic 169:11:57:146€
TR A TOOL Test Begins 1

158

PP S S S




-

~ (FIR A TooL )
E28-082787 A
NiXen W«'gt'a’ﬁ

E SORL TIME <45 miy
Low Teme, mers,

(O - SRSk snatte S el Dl

i g R vall Jram Mn e+

649 ¥ a €82 ¥ ) 770 %
3 639 ¥ 3 855 % 3 894 ¥
2 634 ¥ 2 704 % 2 608 ¥
m 1 639 % 1 679 % 1 775 %
060000 006000 co0000
189:12:40:58 189:13:06:03 169:13:31:03
4 £50 ¥ 4 662 % 4 761 %
3 636 % 3 766 % 3 889 ¥
2 633 % 2 669 % 2 795 ¥
1 640 % 1 656 ¥ 1 766 %
-
c00000 000060 000000
1£69:12:37:46 169:13:01:03 189:13:26:C3
. 4 651 % 4 653 % 4 748 ¥
3 634 % 3 720 % 3 8g4 ¥
2 632 ¥ 2 649 % 2 781 %
1 640 ¥ 1 645 ¥ 1 754 ¥
ceccooe onCeooo 6C0000
a 169:12:32:46 169:12:56:03 169:13:21:03
4 653 % 4 649 % 4 730 ¥
3 €32 ¥ 3 €62 % 3 B78 ¥
2 631 % 2 638 ¥ 2 767 %
- 1 641 % 1 640 % 1 756 %
50CU08 060000 0G0LOD
169:12:27:46 185:12:51:03 189:13:16:03
4 655 % 4 48 * 4 797 ¥
3 628 % 3 41 % 3 867 %
2 €25 % 2 €36 % 2 T44 ¥
1 642 % 1 640 % 1 7,0 %
o.
cregoc 006000 ceooco
16% . 12:02:6¢ 15’?:12:46103 1-5:013:11:032
’ 159
b
Lﬂ_—-'h-ﬁ--- inainalomantivtnnd ol e bt -~

etaiamn ki ._.J

LA |

NI o N

adio d




.

820
91,1
858
825

— A W

c00000
169:13:56:03

60,9

850
816

- N W

000000
189:13:51:03

4 8Q0
3 907
2 86,0
1 8Q6
0000600

139:13:4€:03

748
9q1
830
795

- AW

cogoco
189:13:41:03

77,5
897
819
784

- N N >

anrooo0oco
185:13:36:03

90,9,

w S ~w ot ~w o <P

~ o~

I A S A A e A - A

4 903 % )
3 935 ¥ 1
2 921 % >
1 903 ¥ 1
4 B9 ¥ 000000 .
3 > 954 % 169:14:46:03 ]
2 899 % b
1 871 % 1
000000 i
169:14:21:03 1
4 898 ¥ ?
4 860 ¥ 3 936 ¥ A
3 949 ¥ 2 921 ¥ A
2 893 % 1 898 ¥ ]
1 861 ¥ . ]
060000 ]
0C0000 189:16:61:03 3
189:14:16:03 1

4 893 ¥
4 8%0 ¥ 3 947 ¥ ]
3 945 ¥ 2 91,9 % i
2 882 ¥ 1 896 ¥ iy
1 851 % :
000000 3
060000 169:16:36:03 B
189:14:11:03 -
‘ 4
1
4 839 ¥ 4 686 % ]
3 91,6 % 3 > $58 % g
2 872 % 2 914 ¥ 3
1 842 % 1 BE7T % {
0000600 000000 _
169:14:06:03 169:14:31:03 3
4 829 ¥ 4 £E78 % f

3 915 ¥ 3 > 955 %
2 865 ¥ 2 907 % i

1 833 % 1 879 ¥
000C00 600000 »
185:14:01:03 1869:14:26:03 E
|

160

b o e

Seeandh, A CUPu Sy PP WP P - 2 2 - RPN WY Wi LEP AP S T T VAT WP Wl YA W W Y




¥y A B B S i A ai A S SN A 1{
.- J
| ¥ ;
4 9,6 ¥
B 3 91,3 ¥
- 4 9L7 % 2 913 %
3 5L6 ¥ 1 9,3 %
- 2 920 ¥
R 1 9L3 ¥ 000000
189:15:35:41
600060
- 169:15:11:03
4 916 %
. 3 915 %
iy 4 9,6 % 2 L4 %
3 920 % 1 913 ¥
2 921 ¥
1 942 - ¥ 0C0000
189:15:30:47
. 0C0COoC 189215:45:41
o 165:15:06:03
[
4 9L7 ¥
3 915 ¥
4 9L5 % 2 916 %
3 938 % 1 L4 % :
. 2 923 % 4
. 1 942 % 000000 |
189:15:25:41 .
B 0600C0O .
' 169:15:01:03 S - y
EXD R AT
4 917 ¥ TE ]
] 3 91,4 % q
A 6 9,2 % 2 9L7 ¥ :
3 936 ¥ 1 914 %
2 923 % 4 916 %
1 909 ¥ C0G000 3 9L3 ¥
189:15:20:47 2 913 % 1
_ 000000 1 913 %
: 185:16:56:03 ' 3
0606000 ]
169:15:40:47 R
9
. 508 % HieH TEMP TEST 1
3 936 ¥ - 1 s€C {
. 2 922 % 3
= : sie s e o C28-0RTIB7A
l ) cooCco0 Goo00C }
S 169:14:51:03 185:15:15:43 R
E ..‘ *
161 1
’. 1




[A
s 749
3 3 636
= 2 71,2
1 71,1
L
¥ 060000

1893117316245

763
651
733
730

LS ALY R

000000
1892172011245

| 220N

719
663
758
755

- A N B

gcgeoco
169:17:06:45

791
: 667
2 742
1 77,7
3 000000

189:17:01:45

801
755
80,3
80,1
.‘\Q.‘ * PP

‘ sk
! 7ﬁ~h9 00C0CO
166:16:56:40

[ gL S IRV g

vis/pie B Tool
Tt Starkts

~ oS

w8~ v A

~ o A

o

GO A I A AN i S S AP e S e

4 61,0
3 < 5179
2 6217
1 6217
000000

18G9:17:41:0686

4 683
3 < 5¢,1
2 64,0
1 64,0
000C00

189:117:36:08

& 7Q0
1 < 57
2 658
1 651
000000

189:17:31:04

) 71,6
3 < 556
2 671
1 67,6
000000

189:172:26:45

733
628
694
693

N

000000
1891172212345

162

~ w S o AL

o

~ o

IS R g— >~

637
64,0
627
628

- N W

000000
189:16:06:08

638
636
621
625

A W P

060000
169:18:01:08

641
639
61,4
617

LaalLS IV I -3

000000
1592:17:56:08

4 645
3 < €Qs
2 61,0
1 61,2
000000

186:17:51:08

4 655
2 < e
Vs 614
1 615
ocoo0o

1£9:17:46:060

S R AR B 4 & S

~ S

o S

N SR

o ¥ -
cren] el
' ot .
S U Y SR Lo e e

fias

T e .

f

. .. T
Pt i AR
‘*“AAA.AA LI

g

1 M
S UTE ST U U S



i

i

639
632
637
636

[ S IRV

coco000
185:18:31:08

638
633
637
637

[andLS BV

660000
185:18:26:08

639
643
636
636

LBl S BV

00C000
169:18:21:08

637
643
633
634

- N\ D

000000
169:18:16:08

- N W
[
]
o

G000CO
189:16211:08

L S " 4

L A A 4

v

LR S R 4

v o P

Vs A
@ TQST
HEBINS

M_v\

4 639 ¥
3 631 %
2 637 %
1 636 %
000000
189:16:36:08
Nikon Cotd T.

Redowwnie hgsutvmit
=0 &c.

E28-082800A T0OL
QOLD TEST

VY W POV U PE Y T DRy

TRV e T

4 911
2 903
] 941
1 91,0
0006000

1693202311343

4 891
3 > 956
2 922
1 920
060000

189119141243

794
939
848
84,8

- WS

000000
1892319211243

6 64,4
3 742
2 644
1 646
000000

189:18:40:39

64,3
692

- s b
.

642

occcco
185:18:39:41

641

L R A

W o~ P o o

L R A A ]

£ ™ w ™

. 1
LI Sy "W S W ¥

ﬁi

NPTV I r'“L




.
",

ol
’ _‘l

LA St Jhde S Sh s

899
897
897
897

[ IRV

cocooc
189:22341 043

899
89,7
897

[ IV

600000
169:22:11244

901
899
898
898

LoadBL S IRV Y -

000000
189:21:4a1 64

993
901
899
899

- N W

000000
1€E5:213111244

4 506
3 899
2 901
1 902
cococe

1890202341244

897

~ LR A A 4 R AR AR A 4 vt

W

TN W ——

o ey

3
4 £98 ¥ 6 898 ¥ p
3 897 % 3 899 ¥ ]
2 €96 % 2 895 ¥ © 3
1 896 % 1 896 ¥ o
—
000000 000000 - 1
190:01°11:43 190:03:41 343 .
4 899 % 4 89S %
3 897 ¥ 3 898 %
2 896 % 2 897 ¥
1 896 % 1 897 %
000000 0C0CO00
190:00:41:44 190:03:11:44
4 898 ¥ 6 899
3 897 ¥ 3 899 %
2 896 % 2 897 ¥
1 646 ¥ 1 897
000C00 00000C
190:00:11:43 190:02:41:43
4 699 ¥ 4 899 ¥
3 €99 % 3 897 %
2 697 ¥ 2 896 %
1 897 % 1 897 %
000000 00000C
189:23:41:44 190:02:11:44
6 898 ¥ ‘ 898 %
3 898 ¥ 3 898 ¥
2 896 ¥ 2 696 %
1 696 % 1 897 %
¢Coweo 000C00

189123011 :43 196701141243

164

Ao a2 o




697
897
895
895

Lo S IV
W S

o
- 000000 -
150:09:11:43 1

6 898 ¥ =
M 3 9G1 ¥ :
P 2 896 % g
1 837 ¥ Z 4
- 4 697 % ‘ 896 ¥ i
o 3 695 % 3 898 ¥ 00000 ;
) 2 894 % 2 895 % 190:09:44246 k
1 89S % 1 895 % ;
o 0C0000 000000
190:06:11:44 190:08:41:43
.- 4 898 % 4 £97 %
b2y 3 897 % 3 896 %
- 2 895 % 2 6§94 % END Mo
] 1 696 % 1 695 ¥ 7m0
EMP  JEET
60000 cC0000 y .,
190:05:41:43 190:06:11:43 2 é4@;é@2£> 4"'

8 72
! (g%%—oggsoo»r

. 4 898 ¥ 4 896 ¥ 1O0( )
. 3 896 ¥ 3 695 %
2 895 ¥ 2 894 ¥ o
- 1 695 1 sse v AEY T MFsuverns,
060000 000000 7Me~ 09 &5
190:05:11:43 190:07:41343 7z
- : P Lo ROF
‘:i '8
* IV/WI[/ /’Iéﬁj B /3&
- 4 897 % 4 897 % c
3 897 ¥ 3 896 ¥
2 895 ¥ 2 894 ¥
1 895 ¥ 1 895 %
2 0eo0Go 000000
190:006:61:44 190:07:11:44 .
1 894 %
——
6 899 % 4 597 ¥
. - 0CC000
e 3 896 % 3 837 % 190:09:39 48 _
2 BYE % 2 695 % TR s -
1 897 ¥ 1 835 ¥ y
060000 060000 .
196:04:11:43 19C:06:41:43 ;

: 165

IV EER R ¥y

F e |

. - - . - N
P z SRR S T . . - L -
L*.‘ - PRSNS o iaiala A a——— e aoca PP




—
L

13 ¢ Gl
L.0C0%
226012334227

10 Q7
ntancs

2260123239323

1° 60,
ConseT
2262105243527
19 £1,2
1vnCa
226:12:19:20
12 622
21000
226:12:1422C
10 67,2
ance
226:12:59:27

v‘ -
il F iy
226:12:0333%
10 69,7
acor
126

-~ Arn

226313019120

13 €92
14 ‘)ﬂ’
I AL RS VRS
1¢ £33
0

10 593

ARLL &

22631304220
19 596

IRl oL
2268123153322

12 552
7’
T o
226:1z2:9432¢C

1" €93

PR RER A
22017230430 2¢C

19 £93
L
2241108, 2020
19 558
RS TRk

511233120

14 12,5 % '
Soacen ‘
TZE1L 2600 l
d
1
17 1034 ¥
4
o iddn
22501480740 '
17 1852 %
NP

17 1073 %
- Ao 1
726214301342 ]
)

1 1065 %
frqary ]
226:14:20347 :
k
10 121 ¥ ]
[
“02Ga .
2263114319242 '

19 S 1147 %

S 900

226514213342
17 1177 %

PN Ch e
2261163170472

UERTER  TurYED on'

oL LeFtr 10
ggo,_, NATUR ALY

: Kl il
AR I M N B B
4

in 1147 b

oLang.
7263143111016




e T

it it A e est Rati St et B e AN S -

L AN ~a

A 0 S ndie ad

L A

dhviS LS3L BYNNI
NY3-

vl mu_.EcA/

/)?JNTL - .

X — j

Mad Ay
\ i - —— b
Fanos TYWALIHL .
|||||i|/||/|n_ - \ |
\ '

YIIWUID 1531 TYNATHL 34005 AAUVWNGIOLNY  NOAIN
a0L

S700L A0 NOILVZIXZFLOVAVHS JAOLVIIdWIL d04 dN-136 L1S3d

U A AN S Ml o 4

167




) DA 1144‘11_4 RN ha A R 14-1 : 4‘ i.w‘*.jj].. -A LA ‘.~ ‘l. Nl 2 AGRESS NEMJ AR At Al — ~ry ~
M3ALA ) \=ob¥i3a 3oV U aSihu, |
891 0 N MM3IIN LNOAA ,
. 31vid ¥FA0D ) A
tNlJ fre— N 1 J f—— 2 |
/474 - | |~|I .M
]
_ onowrm—=(7 | N
| |
. |
_ I
_ _ .
v ]
.. _ :—N )
— .
|
y — .I—l
- 12N0 137100 Oum ) .“-“
, I .
\, J.l_ !d
". *l w02 — .I'._ ﬁ.l..« 1#'1 l‘.||\||||.l|:0w||L .A
” —e 2 © !
. hd 4
b, “
I .
_ :
: %
.ﬁ_ 9/\ :3v.6 SNIMYAU “
,_n WVO403ALS 1730 335017 TIWA3LYIN X
b h
r 4
: . 4
b . 'Y
b SIXL 40 (VCILYZI1IA3LDVAVHT  2d01yd3dW3aL  dCd Z3QWEHD  TIWAJ3HL R
. 1
. 'y
3 N
3 oy
)
1 h
... ,.A
SN | NN B o 'y oo o B P A - . o




N

APPENDIX A-4

COMPUTER ALGORITHMS

LTt b N
ddendet it st ~

e




LI Rt A e e

T et A R e S A Calis

}
{
. 1
- VIS /NI R F()Cas A/5orrf/7m 7
BLbla AlLAo FruUbkAL “Llinihe’s ]
. C This Frioske s (abbueATbEs Tre ~eLAlLVE vlbin OF A wnlTe veERTICAL LINE
) vmlCn I Be Luskte 1o THe Sask meaSurbrnBEnd mADE AT ANUTHER TEMP,
. vaalre 1mlS AfweurnYirm, wilLATIVve FUCUS ChanobtsS CAnv sE USBSERVED,S 4
. vtLuLiAak U livil, 'kLe'(g','AIJ'.;DIA"'.StCAU"'StCADSP"'SECUVC'u -
EnESTART Y, UEVCLR®, BZYS1TS’, TAUG_WRITE’, .
. Caun_larul’, "ALG_LVC ', TERK"S -]
) UECLARE DECIHAL, “L%p 37, "A%, "0 "8y "X’ "¥°, "LinnIL®, “CHEK ", JL
- ST, TAVL Y, VLTS 1
' peCLARE DELLnAL,LisT, “2° (16003 1
Uk Ler Pl nr, T vaUlRUSS Yy 3
DIoSrLay"liviL :
nlU Lxir38 e ¢ AS Fuunn, -
elTren Tor LiokaT LoTeENSIY =UuStE BE INCHKEASED *
s Tuwe St Vabde MuST BE IWCREASEL."® -
an '=l'.o+l?‘ _>:
‘ cob TRULRUNS S -1
- verlne FroCel'utey, *tRNWUM' Y #
1+#01 ludes “rn_isrul’, "enn’$ N
e Ul "EBe s, "o lun Ninapkr = "% -
s GTEP 94¥99a0s A
tiw “taxi UM -
. . 10U sl sler 110y A
v 1Y FErFURs ‘Ermitlia’)d .
110 ‘hun’son .
CAaulSTAT Zunxlugds -
forCAu’slarses U
CarLihuSvizsxses .
[ frouhrvi fs=axson 1
. ‘entrSlanl’selubsuuxly 1
furvCen=lell7216415% 4
ey il o’y xp/ it 3onus . .
Al AR S AN e e CALSE T+ T AULSTAT "4 ZYRITS + ERESTART S
'ku‘b_ll\i"kﬂ':-"-U\""'iLCAU‘:h ‘-4
ISR ] U A YTV SR S TR G R LR T S T ‘
rlle Jutnn Tato_ ot L "ol T, PUST LY
gporLay"ielL
oS Trie a=cirFod aret U pe wdvel?
— <=l>=yvE S <+1>=hwu"d
3
PR RO B TR :
Clrrave 17,01 ua .
LT STer 120 LF GUS ]
L el TE LuGee TwUt_ e T8, "Ll pass2ns 4
12U ISP LAY™ I iL a
peeS dinf o clewo GbEL 1D BE MOVEET -
€=1>=Yt 5 <+l "y j
—_ 4
9o INPUT °1°s 170 f
| |
L et Y I o P Sy o PSP PO U W S U SRy U G SR U i




FoTpe— |
E
. Cu=rart *1°,1 5 3
s tJdTu 5iLe 15U IF bus
rvnlle IhGes 'Al)'s_.'lllfﬁ',"l’LU"f]pPU\')=d"\D J
. 150 LiSPLAY®IU L ;
) 1 P 3 4 5 6 '
. UbLLAMP ULk L IEK vollakuk UoULIFF/ZFILTER OCFUCUS DCSHUTTER
- 1=ut 1=ku mMuX 1=0n 1=1In 1sStk 1=0PEN
2=UFF 2=TV Skti 2=uul 2suuT e=CLUSED" S 4
- 1
' UlskFLAY™IL -
IV L Ame aPriuPRiale 2=tluil wU«sex Tu PExFUKM THE UESIRED
Ut joon, v Fin3Y oivbil SeleCTS THe LeviICeE, THE
A sEcuL LIGIE vealb.aTed dthe FUNLTLUN, ]
- -
el o €89> T ConTloue v 11n THE PrUGKAM, j
tTew £ <luu> Tu . eX1T Tntk PYUsrRAM "y
it T "0’
:; Currhre “w’,E0 11 B
e LLIL Sier 20u L vy *
L
R Cerrvarr 2,0 125 1
LUTU 31E¢ 210 iF ol
CurrPARE A’ ,Ev 215
4
. LGTu oler 22v IF Gl 1
-7 ‘o
CuowkARE 27,80 e R
~utu Sk 230 1F GOy -
CurbAaxe "a’,En 31% i
] + ) - (- {1 A
™ el STEr dub IF GUY r
’ CLOFANE ', ki %25 ]
CUIEL STer 290 §F susS R
' Currbnt "A',Lu als K
0T S1EF Pey TF bt i
Cu'FanE &,k Uos
GUOIL S1tr 270 1F wU%
CorAnk ‘a’, Bl ST
N LUt STer k06 1F GUB 1
Currare i’k bl g
s GOTC STer 290 IF Guy ;
Lurrba~c “«’p[w bdd’ ’
Lulg STEY 295 1F Gud
X .
Cotrare *hn’,bEnw 991
LT sTEr 297 IF bLUS
Curbrarme ‘a’,Bw 100S%
G0Tu STEP 994999 IF GOS
’ s
‘ 60TU STEP 1508 7
oo




"

eel

25U

cudl)

25

2o

271

cru

90

eYs

el

SEtUr vC=5TGnAL LCed, VULTAGE “VLT® VS8
LAY o5 Sely

Eivu FOr3
GGIO Sier

whnITE lusssd

15u&

‘Alio_wrITe’, "ubLAMP,UFF"$

ArFPLY ul=b]LAL PClu, vOLTALE (aUVYD

sUTU STer

el TE luans
uvlTn >ler

e lTE i das
tuil Siee

wrllte lTuane
LUTu SiE»

MR ITE Tudos
LUty Sikr

walle [ldot
COTU Litkr

virlie Toane
GOTU ol

visrLAY"IL L

Iiru? ‘8>

wellt ludoe
ol 8TEr

vnllte ludses
cGie SieEr

rrlll ludas
Lulu Sier

VISrLAY" LI

15u»

Chut_swITE T, "OLFIL,PUSE1I"Y

1506

‘hubnlTe "tk lu FuSEe" D
150

Thit_rnITE " UGe Ik, PLSEL"S
150

Thila W RITE y"UsMIRK,PUSE2"S
15t

et w1y "UBLIFF,PUSEIL"S
1%ve

fattb 1T, " UL IFF,PLSSE"S
THus

LwrUT THE wLHER UF STEPS (0 THRrRU +/=

PauG_unIIE T, "5, "DCFULUS, STEPS=R"Y
15vd

*Wldo_sr1TE’, "DCSHUT,PUSZL"S
15vd

‘AUGL_v )l TE,"LCShuT,POS=2"Y

1S0%

rIAELS ¢0=119 slLL B8t wEAU BY Int CAMERA

v'\".il"’t
11
LiFuTl 1%
‘p’='1'>
SuUNTEON
arilt ludooe
Fin *J° =1

v#I1E Judhs

LVERS

fel_ nlTE","LALC,RESET ,MAT=4, 1,100, REAL,U,MAT=4,FILL"S

vk T Theive

16000)"9%

THe CeliEk PURKTIUN UF THE SCKREEN,

Tk Ced Tow LIk AILL BE RgaL. 1oaruT Tt NUMBER OF
rbS rde o AalsH TU HAaveE The LIde keAD,
af Avirat witlh vE CALCULATEY TU MINIMIZE ERKROR,"S

tﬁ. ,,,,, ol bt ot L o b 4 i il . it N
J

K

o

e |
200 «nITE Tudob *Aub_uRITE®, "uGLA~P,0M"S 3

AFFLY LU=ulomal olley VOLTAGE L.V !

For “viil’® = .95 TRt 11,0 8Y .55 THEND 1

-

TALL_ARITE, "LALL, mAT=3,1,10U0,8YTE,MAT=2,1,100,INTEGEK,",

"MATS1,1,10u,REAL, U, mATSS,FILL,U,MATS2,FILL,U,MAT=],FILL"S

o WRITE Tu4B8 *AUG_WRITE®,"UCCAM,MATZ3,5T/TLNS120,5TOPLNS120,", 172




- C be T

Suu

oo

C '(‘.'
e U0

700

I

i. 99494499

"SinTrxsAuynTurkFrxsl 19"y

anlit ludanh PhaLo_venlib’,"CaLC,alz3,AT=2,MUVE,1AT=2,MAT=1,M0OVE, ",
"aal=l, 1,200, =Ludd, CFEx,0ul"s

TwbkuTl 1ogor "eva_lerdT’,"CREE S
CuabAnt ‘Litenh’ i U
LLIG Sler UL IF Gud

mraSUREMENT E S TIME ThnruUGH LUUP SU AN AVEKAGE CAiv BE MALES
"AUL_tNiTE", CALL,MAI=1,1,235,=LKkuSS,LPTR,UUT"S
CRUL_LaEuh T, "X

LILENIDTH
ARl1E Tuwoo
Lokl lLdob

CUOMPARE
ulil

PN SRR TRN
Ster 300 [F o wiood
Ll ruSS Ty

STer wliun

Pk <o,

o bt

wRIie ludeo
IhPul ludsd

Thilu_ant e, "CaLL,AI=1,1,255,-RCRUSS,CHTIR,UUT"S

fhar_L Ul Yy

‘Ybkw L
STev 56y fF

LunmbAnt
CoTu NOGUS

UL UYD T2

olkErf wiuvd

rENnF Ot
AR

fLlnelus Y ' ="x"y

Helore""s
reltRy ‘Lt lu

yMelite A1DTH = Ha.BH"S

MEIRTORA R B N VR IR FUL N |

Ul S1eP /00s

1S Int

'f’:'-:"f'

LuenEx vb ool LAVA SamblLed {USED TU CALC, AVERAGE.S

-1¢

O TAINED,

Er . FukD

PIVLTT S s e s
NCCI‘“LI" 'IL

reluhe AV, "1l o wlveS A AvenAuk wELATIVE LINE wlDTH
rECURG "o, "oi cluy DATA SAVPLES reExE TAKEN."S

UF a.58"%

JisrLaY L

11T <krGCEEULU> TU CONTLINUEL"D

Halt=Fuk salal=li TERVETTUNE

butu 9VEr 1908

Tewe JinATEND

173

B e o e AN a o o .

__._;.?A ala g




r~ Al Sdiial At e S L e At e e - T v Lol I i - A AfeC I A
- V/5 //\//ré 64/’:5;7/7'/ ﬂ/jor,'fﬁm
[}
il aTioas Friwsinas "xpuxk’e
v (]S rrlticva s LLATES Lok CUDRDEwATES UF A LKOSSHAIRS IwWTENSECTICN THUS
Ferbunr 176 A »oreSTubd TEST Fur Tre TErPENATURE TESTS.S
n beCLAark vcClvaL, *aub’, aUbSTAT’, ScCal’, *SECALSP ', "SECDVC’,
: TE<ESTART, "UEVCLR®, "BZYolT15°, "AUG_WRITE’,*J*,°H°,
’A'JG_I-‘\‘PUT"'AUG_DVCO"EHR’s
| DECLARE weClsbl, *wAT2x", "taTSX, "HATAX®, "MATSX ", "MATR2Y ", "MAT3Y"’,
CALTAY ", ATSY !, 7 ‘B2, ML, M2, "MAT2YL
n CYCRUSS?, "ACRUSS*, "MATYR’, "MAT3XL ', "MAT SX2?,
[aY1’, 4a14Y2°,  MATSX1 %, " MATSX2 S
veetaxte veCrrag,List, X(luvle

DRk e Fxoledoern,
DISrPFLAY" L

Aanlle luder *ads
SUTU Sler 30D

' U erlTE 104nh

sU ELu "wmIMRUxS TS

veFing PauCollurt,

UlorLaY"

slevr Yv99y995

* Llkes’

Gu il
| )

vrFie PrxobLclbiue,
1-ried ]hdob
£(T)e "2
Rt (1S) .’
x
3

‘ MIJL’_
(D)r’ﬂ

‘(10), "
‘(28).,°
1D

x
‘(ed)s " r
(YY), ' r’

X(3R), P x(37),°

ALY A (ud),

X (5¢), A'(Hl).'

fXO(NT), N
‘(b4d), 4

X 7¢),
A (/")r

x’

£

A

fLRrY),

'l./])( X

.: 'A'(?C)' ’\

wel " ",
<L Lo

2Ty,

lxl(b)'"

X°(11),"

.f ' ‘x(19),"

REE", "k (2),"
anu",'x (7"
nen,
BEB"S

_'.XNL]AC-.'

PG _AiTE ",

ThisS 15
- | EITHER THE CRUSS HALKS DU

AnEA CuilALnED BY

LItnT (nTENSITY 1S

lxl(la)'ll

. gl
Al nnlikg s

By Tex A <+1> U nivve THE & IR0k,
t.Ter A <=1> 10 ,uve THE o »IkRUKL"S
IeereT 15
- ChirrAat 1°,61 ud
OTU 8Ter? 20 1IF LGOS

"UCbileFUS=2"D

"OCumI, POS=S" S

‘HOCKRUSS !

aly ERrRuUk CAUSED BY OUNE OF Tw0O PROUBLEMS,
NUOT INVERSECT IN THE
THE 100 X 8V MATRIX UR THE

TOO Luw."$

RN CRVITR
[..rut1°*,
'(9J"X'(lu)"x'(11)r

"{17). "X

.'\2'4)")(
x'\51Ji'y
'(%8),'

(us),’
'kbd)'

‘({99),"’

(b(’))i.'
'(73).

‘o)

T(2Y e X (3R (4, X(S)y" X" (6),
A1), 'X"(13),°X°(14),
TL19),Tx(20) X (21),
'(do),'x'(é?),'x'(ea),
C(35)s"X°(34),°x%(35),
XP039) "X (a0), " x*(41),"Xx°(42),
XO(Un), "X (aT7), 2 (db), "X (49),

X (S3)r "X (54), X°(59),°X°(56),
XU X (BL) X" (02), X (63),
‘(ol) e "X (08), "X (6Y9),°x"(70),

X (1a@), "X (7S),'x*(76),°X*(?7),

X (1), 4%

TLiB) T
‘(22)
‘(52),°n

Bua®, x'(4)," ana",
KA, "X (9)," nea",
pan",'x°(14),"

lx'(s)'ll
X (10),"
nun",

ll!lﬂ"p ““”"'
ana",

ﬂ#ﬂ"

EIE
(5)"
X (13) 0"
174

I P P R I T T . L P A R D T T S S T P, M. . T L V. U S S S S UL S S S WU S J

PPy U 1Y ‘44‘4

e,

o
PP RS

el st docdd b o A‘h.

A

ded d




PELURL
TAT(lB) " HEEN, A (LT, AHa" RN (16D, RHAY X (19)," #aN",
TRTLEU " aanT L)y wBEY,TXT22) " BRATY, X (23)," muu",
'A'((”)p" lJDN",'f(‘(P,'j)," ﬂﬂ/l",'k'[eb)," n;‘nu"x'(e7)'u #ﬂﬁ",
CXT(20)," BaH", K (29)," aua", X (S50)," REA"D
;‘ HKbLi'my
! T US1) .Y HEA",TAT(32) " AHL" L XT(S55) " BABY,X(34)," nBR",
"AT(39)," AAR",CAT(36)," AR, XTLA7)," BBAY,x°(38B)," anu",
CRTL39) . BuET X (AU e RAE" TR (A1) HuET, X (42)," Hwau",
X (U3)," Ban"y A% (ALY, aBR",XT(45)," aun"S
ReCurt
'X'(Qh)," “u#",‘(’(“7]," &qﬂ""l'(‘:‘b)'" ”“u""x'(“QJ'“ “#“”,
L XTSG) Y Han", kT (51)," tag", ' xT(52)," 48", X (53)," ana",
:l CX{54) " waa", A (59, 88", X (96)," Kau","X°(57)," ara",
o 'x'(Sﬁ)'” kr'tu"".'\'(ti"'l)'" ﬂ“ﬂ""A'(OU)'" - - F - B Y
" rEb untd ’
. CXT(B1)," HUEN LA (02) " wRAY,XTL63)," maa", "X (64)," #anr",
- yt(nS)," Eru", X" (b)), wha", N (0T)," AL, "X (68)," ann",
TATLaY) " mERAN X TU) " wsR" TR (TL) " BRAY, X (T72)." BHE",
CXTATE) " man", A0 (74)," tHE",'X(TIS)," RBAR"D
e lboxuy
'l'(7t)," Fu‘—""’('(",?)'" r.‘dn",'x'(76)," ﬁﬁﬂ",'x’(79)'" ﬂﬂﬂ",
) xT(BU) " man"d
- By CoUUUT Ty

ek lyvf PrRuCoioLiRe, T1Gu0LITYS
TewuT J0GEE utha_LuFuT X (1), X" (2) s "k (3) "X (8),°X"(S) "X (6),
'A'l7)p'X'(d).'A'(“U,'X'(IU):'X'(II),'X'(l?),'X'(lB).'X'(l“).

PNy WP P SR

PN O

CRCCIS), A ULe), R UITY L, RLLB) R (1Y), X020, T (21),

. TAT(EE) e TAT(R3) X (24),°X7(29) X" L2b), X7 (27), X" (28),

l TR, X LS0U) s (1), X (32) X (33), 0 (34), X" (35),

‘ CRT(3IO) A3, IXI(88), R (59), x40, X7 (41), X" (42),
TR, AT (AN) (U9 XK (L), X (AT), X (uB), "X (49),

3 X TR (SU) s RT(92) T XT(93) T (548), X (95), X" (56),

': 'X'(57),'X'lSh),’X'(59),'/'(6(})"X'(61),'X'(62),'X'(ﬁs)'

¥ CXI(BU), T AT(D9) X (66) AT (6T) T XT(68),°X(69),°X(70),
XTI AT (TR) k(TR X (TU) X (TIS) T X(T6) X (TT),
TXTLTRY,IXT(TH), N (BU), X (81), X7 (82), " x"(83),°Xx"(84),
CRI(BS) TR (B0) X (BT),IXT(BB)Y,X(89), X (90), X7 (91),
TRT(92) X (IS8, R (94) X (9S) X (96) X (9T7),°X"7(98),
CXT(99), 2" (lu0)s
ReCuru""s
RELURY
'K'(]}'" “‘oh’",'x'(ff)'" “ﬂ“""x’(B)'" n#tx".'x'(ﬂ)," #ﬂ#",'X'(S)," a“““'
TAT(O) e BN AT, BBET R (B) e aHE",TXT(G) " BHB", X" (10)," BAR",
xTL11) L, wurY, AT (12)," BEAY,CAT(1S5)," wEEY,TXT(14)," #BAE",

- Cx'(19)," mak"S

}‘ keCuURrY
YT (16)," BEdM, TR (1T)," AREY, XK (18)," BRAY,X(19)," waa",
CLT(Ru) " Has ", Kk (21)," aBe", 'x"(e22) " maR", "X (23)," Hun",
‘X (24)," BHB", A (2S)," vaR", 2 (26)," BEBY,'X"(2T7)," R4R",
"XCL2B), " mant, X (29)," EERY,K°(30)," #An"S
keCurD

- TRT(31), mmnut X 82)," ama, K (85) " BEE", X (34)," nan",

] Cx T (S5)," BN, TXT(3) Y abR", kT U37)," BaR", K" (sB)," Hun",

” X TLBG) M Eaan, X (Ly), " SEAY TR a) " Baut, X (42) ;" AaHn",
Cx’(4B)," maoa", X (ud), " wsLs", k" (U45)," LEAYD
KECuk(
XTB6) s Rak",TA(UT ), GRE", A (do) " BHE", X" (49)," HmER",
PXP(S0)," HEHE", XT(51)," HBE",IXT(92) " #AB", X (53)," H#Hua",
EXT(9A)," BRE", XT(55)," #HRY, X 196) " BHR",'X°(S5T)," uuaw", -
CXT(S8)," HRE", X’ (S59)," HAA", X*(60)," HRA"S 175

e

AU G S SO SO ST Y

: Ve
WA T T P S WP OTS e e "

BRI
v

Atk




C

C

100
165
1140

relLUN

X (ol)," B, (0l) s auB", K (DS)," Hua", "X (64)," Han",
TRT(BY) " BT, (nb) " BB, X URT) " AuRY,"X°(68)," BRER",
TRT(HY) LT BaaM, T (U) e LHE" LT (T)) " BUR X (T2) e HHa",
AI(T3)," Hum™, pTXUTS) " HuR"Y

ReLueRU

CXT(TR) " HAH, XTI )y" BHRM,
TXT(BU) . &RV, X (b1) " war",

"X (8BU)," mar",' X (RnS)," #Ea", 'R (86)," maa"
TXT(BB) LY #aEY, K (RBY) " BRU",'XT(YU) " BRA"S
KeCURU

CAT(YLY, T BAHT,TKTL92), " BRAY,TXT(93)," BrHY, X7 (94)," Kasv,
CXT(99)," BrB", KT (90) " paR", X" (97)," arn","'X"(98)," H#unv,
lkl((’g)'u ”lon",',\'(]““)'" ﬂolﬂ"“b

el 100LUT >

"“(7‘4)'" uu'f"

CXC(TB) " BAE", X (19)," BHE",
‘X°(82) " REB", "X (B3)," ##r",
P XT(BT)," HHn",

utr the PrulEhURE, ‘erbEntdd’y
Torol poaer Pave_larel®, "ewa’s
nECURU ‘crn®y"ERRIK Wusobn = &%
Lyl STEr 999699,

T PR U O S TUE T

Gulu STer 11lud

FPerPU<M ‘ERKNITATS

‘AUG =0

PALLSTALI SUdsxYUEHS

‘stCau’=1oxs2H

*SELAUSP Tbx32S

‘scllivL *=cunies
‘thESTARTS4190304%1 s
‘LEVECLR=16777216%18

'L7YRIIS =9x071luBbbUdY

Palio_wrlTe =2 AL+ SECADSP + AUGSTAT "+ pZTUB]ITIS + ERESTART S
CAUG_INPUT‘=0Uu "+ 5ECALS
TALG_UVC = AUL + SELDVC "+ UEVCLR S

UPER TrHE Ay CobllImAaTun SHUTITER,S$

120

150

AnITE Iruob "auve_vwile’,"UCSHUT,PUSS1L"S

v1ISPLAY"!(
sARE ALL ALJuSTmenTS Tu THE TARGET SUUKCE
AT TrIS TImt.
1F Trr TAxET CANNUT Bt SEEN,
ENIER A =1,
I EVERYTitIne 1S Olne

EvTER A +1."%

LiawPul 1%

CuvrArke ‘1°,61 U2

wuUTU STEP 190 1F wUS

PERFOURM o IRRUKD S
Sulu oier levs

wk1IE L1ycs8 *AUG_arRITE’,"CALC,RESET, MAT=3,100,80u,BYTE,MAT=2,100,",
"HG,  hTEGER,MATE1,100,80,kEAL,0,MAT=1,FlLL,U,MAT=2,FILL,0,MAT=3,FILL"S

TARtE A FICiuxe OF §Jn2 s 1o amb w1p0LE UF TRk SUREEN,D

anlle Ludsd A _sxile,"uCCAM, aAI=8,STrRTLNE90,5TUOPLN=18G,5TRTPX=18,",
"STUPPXE9T "~

WR11E ludss ‘AUG_mx1TE’,"CALC,MAI=3,MAT=2,MUVE,MAT=2,MATS],MUVE,",
”MAT=30MA'=2"(ELEASl’."$
176




-
A
.
a

. ' L
s et

T

Cr
L

N

BLAR i

s 500

o aes - S

e e,

C DEFTNE DALGHIIE <
aklle 1udeb ann_

NKeCuRL""S

rAIRICES AS vECTURS wEAR TrHiE EDGES UF THE 8K SUUARE,. S
a&l1t',“CALC,HkT=d,1UU,1,MAT=1,l,E,EuUIV,MAT=a,“,
Y100,y aTS ), i8,E5ULV,HATSS, 1,80, mA1=1,2,1,EWwUIV,4AT=S5,1,80,",
WA IS, 9l, 1, EutLYTE )

ReCukFou'Leri ChiLumN vECTOR" S

wR1TE ludob ‘AUL,
PenFURM *1000UT°38

RECORDL"" D

AaR[TE’,"CALC,MAT=2,0Ul "y

RECURU"KIbLAY CLuLUMNY VECTUORYS

ANLITE luldeb ‘abio_
PthFGoes “100UunT’S

KECuUrRO" "5
RECURDMUPHE e Wiy

el TE lusoe Tauib

FERFLRa Touull ‘e

weCuwti""s
ReCUkp"LdwEr R

WRITE luuBss ‘Ao

PerF UK 00Ul S

bBlorPLAYM™IL

LISFLAY"IL"Y

waITE 10488 *huu_
“IwPUT J04BAR Tallu
ERITE 1ud468 AUG
1L,PUT ludns ‘blLu_

ywRiTE?

tdite’  "CALC, MAT=4,0UT"S

veELTOUR"S
] Te s "CALC,MATIS3,0UT")

veClur"$
wrlTe’,"CALC,MAT=S,0UuT"$

Tre LEFT CuLumih VECTUK IS BEING
SEAKCHED FuUrR A PLUS CRUSSING."%

'"CALC'MAT=2'1,150'+CROSSIRPTR'OUT”$
INPUT,"MAT2YL’S
WRITE,"CaALC,iMAT=2,1,180,=CRUSS,KPTIR,0UT"S
LuPUT’, *MATY2’S

RKECURU “MATEY L, "CROSS1= #.8%, "mATI2Y2"," CRUSSZ2E #.4"S

'rAT2Y I S(PaTeY R’

=‘rATeY1°)/2%

RECURLU ‘AT 2Y , "DIFFERENCES B 4"

‘hATY = MATR2Y "+’

fhATex’=2s

MaAT2Y1°S

feRT2Y 21l Al2Y S

RECULRG “waTley’,"The LEFT COLUMN VECTUR

CuarALe 'qAIZY',EJ 1008

Lulu STEF S00

Pehrurm “wbUR0Ss

DISkLAY ™

DISFLAY"IL"»

wrlTE 10608 ‘wUis_
INPUT Tuudss Al
vnllE ludsbs ‘iun_wkyiTE’
ludegs At

Loartd

1F NOGGS
$ :

THE wIiAT COLUMN VECTUK 18 bBEING
SeARCHEL FUR A PLUS CROSSING,"S

WRIIE""CALC'MAT=“'1,150'*CR0380RPTN;0UT'$
LwPUY ', "MATLYL Y
s "CALLC ,MmaT=4,1,180,=CKRUSS, kPTR,0OUT"S
14

Tapur’, ‘retdye’s

ReCuki “HATAYL ,"LnuS81T L u", "rATOY2, " CRUSS2S B,8"9

CAATAY S("MATaYR’

~’LATAYY ) /ey

RECURD °*MATA4Y’,"DIFFERENCE= #.0"3

177

CRUSSED THE TARGET LINE AT #,.,#"9%




CAIGY TS LUy T+ ATAYL S
CMATAX ST % -
ChATAaY S LU= A LUY 'S )
ReCurmu mATay " Tt xlonT Cuku~n VECIuR CUKUSSEY THE TAKRGET LINE AT #.4"8 1
CurbrArE *emidY ",y 1UUS ‘ ]
. LUTU STrP SUU IF NUGOD >
PERFUFN " WUCRUSS 4

Ak

S00 DISKFLAY® 4
ThrE UPPEx kW VECTUR IS BEING ’
SCARCHED FUR A PLUS CRUSSING,"$
DIsPLaY"iL"D>
- A~11E I0D4o8 *AUG_MRIITE®,"CALC,MAT=3,1,180,+CRUSS,CPTR,0OUT"S
L 1nPUT Lluans “aUb_I1PUT,"MATSX1 e
’
r

U VOPRAR

anlllt Ludod "abb_anlic®"CALC, MaT=3,1,160,=CrxuUSS,CPTR,0UT"S
I+#0T Tudes ‘RuL LePul’, 7 a13x2°%

= reCuive “pT3IX1 ,"L)uSs1s w.68", v013X2°," CRUSSZCE B .83

oy 1

CPANBX SRl SXe = AI3XY ) /e

ReCuryu *wATSX,"DIFFERENCES R, B"D

CARTEX S AL+ MAT X1 S

uAT3Y =9Y86%

KECURY “=AT3X,"TrHe uPPER RUN VECTUR CRUSSED THE TARGET LINE AT ##.8"%
i CumbAsE “rAISA BN U

-~ sull S1ErP 70U IF NOGUS

o FenrUem L GCRUSS S

e

. TUU LISPLRY
, Tne LUWER wUW VECTUR IS BEING
SEARCHED FUR A PLUS CROSSING."S$
. ViosrPLAaY"iL"S
- wh11E fudsy “alUo_welle’,"CALC,mAT=5,1,180,+CROSS,CPTK,0UT"S
) InPul Lludad TAUG_IwPUT,"MAlS5X1"S

whITE lusoB’ *AUG_WnITE’,"CALC,MAT=5,1,180,-CRUSS,CPTR,OUT"S
’

- LhPLT LUG8A *AUE_INPUT®, *HATSX2'S
RECURD “MATSX]’,"CRUSS1E B ", ‘mATHX2°, ™ CROSS2Z H.H"S 3
;: MATSX S mATOHXR2 = MATSX1") /2% i
RECURD *4ATAX ", "OIFFERENCES R #"S _ j

PRATSX S HATISX T+ HATSXL S

RECURU "raT9X’,"CEnTeR IS AT #.8"% .

.‘. 4.4

- ‘MATSY =S¢y . , A
KeCURL *™MATSX’,"THE LOWNER wON VECTOR CKUSSEVD THE TAKGET LINE AT #8.8"$

CUMPAKE °HMATSX’,Ew 0% "]

GUTu STEP 900 [F wUGUSY 1

PERFURM "HOLKUSS®S g

.. 1

N THE LUCATIGH Ub ime 1V LRSECTIUM UF Tht CRUSSHAIRS IS FOUND J

dY Stbvlis Tk STAvUERL EWUWATIuw v = ivaX 4+ bB,.§$ P

c M1 ALD 2 ARE The SLUFES OF THE Twu LINES.S 2

N 9pu "l Ml eY = "HhAtdY )/ (TaATeX =" MaTdX"))$ i

‘MRS ((MATSY = MAT3Y )/ ("MATSX = "MATEX"))S 1

)

e 4

DISPLAY™!IL"S 178

lw,q‘_“..v e e PRSI
. - L N B

E
LR WA T GUR U G O A';‘A-"_‘-..._‘.h-'&\.\.;i




e - — 4 - -y s (i i RS i CAR R ORI S Al Ty ey T v T
4
!
-—— -
e ReECULRL el *,"THe w170 TAL CROSSHALK HAS A SLUPE OF ##p.»"S :
RECU&L 222, " 1uE VvewT10AL CruSSHALR HaS A SLOPE OF shs . n"3
C Bl AnD Be wXEL dne LUuLATLUGS UF THE Y AXIS IWNTERSECTIONS.S - :
‘el = aaldY =1 " x"ATAX S
] e = MR ISY T = 12k A1 BN S ':‘
*XCRUSS =( b1 ="B2°)/( M2’ ="11°)%
'_:" C PLUG THE A CrCOSiNG IWTO URIGINAL FURMULA TO FIND THE Y CROSSING.Y® 1
. CYCRULDS = M1 "% "XCRUSS +°BL Y \

- pIsSPLay®iL®s
RECURL “ACrudS,"InE CrOSOHALRS INTERSECT AT #B.8%, YCROSS'," ##.8"9

BUTU SieP 190d

JYVYYY jeRe LGATE

K

R

-

e .4 ]

"

*! | 179 - 4
—T-A»-Aau—- e e e e e e on . . . . . .

e PR S N L y
B - T L . . . i i . .
L\ W TP W W AT APl ST Wy WV W R IO I Y AL . A PP S - L e - s AL " R U YT TN W Nt A_L




| SR ~ - i it R g any = ' e B N A et e NP B A Ml A A S SR -

! B

"

P

o

.

N

-

f APPENDIX A-5

..

‘ E/O AUGMENTATION TEMPERATURE CHAMBER THERMAL ANALYSIS

- =

3
-4

L .."1
N

» : N

L, .

- Ny

L. -3

= «
r 24

- -

E.

2

+,-‘ 180
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MARTINMARIETTA INTRACOMPANY MEMORANDUM DATE 37 June 1983

ro: _  Mr. A. Papke

ll cc: Messrs. M. Brown, J. Johnston, D. McCrary, T. Randich, and R. Straiton
FROM: Mr. Paul Kendall oepr. S4DE . 234 exr 3716

SUBJECT:  Thermal Requirements for Temperature Chamber for Testing the TADS/PNVS PGSE
Augmentation Equipment

REFERENCE: (A) DAAK50-82-G-0002, D.O. 0003, Environmental Temperature Test on
Electro Optical Augmentation Assembly, May 2, 1983

Reference (A) requires that the subject equipment be tested at environmental

temperatures of 65°F and 90°F. The size and weight of the equipment and other

peculiarities of the equipment are such that it is not practical to use an

v existing environmental chamber. The alternative is to construct a temporary
chauwber around the equipment in its natural habitat.

o Proposed dimensions for the chamber are shown in Figure 1. A thermal analysis
was performed to determine the loads incurred at the two temperature extremes.
The analysis was based on the assumptions and conditions specified in Table I,

I‘ ; and employed the equations shown in Table II. Symbols are defined in Table III.
The analysis is shown in the Appendix. Calculated cooling loads and required
airflow rates are presented in Figures 2, 3, and 4 and in Table IV.

Two modes of operation were considered. The first is the open flow mode in
which room air is cooled, then injected into the chamber. The air which passes
through the equipment is discharged into an exit vent. An amount of air equal
.!ﬁf°-F"”“’€ ¢ to the incoming airflow flows from the chamber. If this rate is less than the
Sowlewemocs 1 floy rate through the equipment, all of the chamber discharge air is comprised
- of equipment discharge air. If the chamber flow rate exceeds the equipment
- flow rate, all of the equipment discharge air is included in the chamber exit
- air. The analysis determined the flow rate of chilled air necessary to achieve
the specified chamber temperature. If the chamber must be maintained at 65°F +
- 3°F, the minimum chamber entry temperature is 62°F. Figure 2 shows that the
' cooling load and required airflow rate associated with this requirement is ex-
treme. The effect of increased temperature tolerance 1is to reduce the required
airflow and the cooling load, as shown in Figure 2. It was assumed that it is
not practical to pull air from the chilled air under the floor for flow rates
in excess of 400 CFM. The amount of cooling requir=d to chill room air is
excessive.

If this mode of cooling were applied to the 90°F + 3°F chamber condition, it
would be necessary to heat room air prior to injecting it into the chamber.
Minimum entry temperature would be 87°F. Because this mode is not practical
for the 65°F condition, it was not considered for the 90°F condition.

et
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The second mode of cooling involves a closed loop system in which chamber air
is recirculated through a cooler. A small amount of makeup or ventilation air
must be provided for the benefit of persomnel in the chamber. This is assumed
to be 100 CFM. At both chamber temperatures, air is assumed to enter the cham-
ber at a temperature 3°F below nominal chamber temperature and return to the
cooler at a temperature 3°F above the nominal chamber temperature. The required
cooling loads and the required recirculation rates are shown in Figures 2 and 3
for the 65°F and 90°F chamber conditions, respectively. These loads are showm
for a range of room air temperatures from 70°F to 80°F and for a range of air
temperature under the floor from 62°F to 66°F.

Figures 3 and 4 show that the cooling loads associated with the recirculation
mode are lower than that required for the open flow mode. The recirculation
mode is recommended for this application. It should be observed that the re-
quired circulation flow rate is quite large. It is, in fact, much larger than
that provided through air conditioners offering appropriate cooling capacity.
Table V shows units of appropriate capacity and configuration, but the included
fans do not provide the required airflow. If such a unit is purchased, it will
probably be necessary to remove the included fan and use a fan of appropriate
capacity in the return leg of the circulation ducting.

The high airflow rates associated with the + 3°F air temperature tolerance can

be greatly reduced if the temperature tolerance can be increased. Figures 3 and

4 show the effect of increasing the tolerance to  4°F and + 5°F. The airflow
rates associated with a tolerance of + 5°F are close to that provided by the units
identified in Table V. It appears likely that a booster fan added to the circuit

could raise the flow rate to the level required if this tolerance is permitted.

If it is not possible to increase the temperature tolerance, the use of a single
air conditioner unit poses certain problems. A separate blower will be needed
to achieve the flow required. This blower must work against a head of approxi-
mately 3 inches H20. 1If such a blower must be purchased (See Table V), its cost
is approximately half that of an air conditioner unit. The use of an airflow
rate approximately double the intended flow rate through the air conditioner is
expected to prevent condensate from dropping out as it is intended .to do. It
will instead be carried out of the air conditioner and may enter the chamber as
water droplets. This can be minimized by passing the air through an appropriate
screen. The entire task represents a development program. .

Two separate air conditioner units of the type shown in Table V can be used for
slightly greater materials cost and less development effort than that {or a sin-
gle unit. The two units will provide the appropriate airflow, no booster fan
will be required, ard condensate carry-over will not occur.
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Whether one or two air conditioner units are employed, a heater is needed in
each unit to adjust discharge temperature. An appropriate heater is identi-
fied in Table V. A precision controller is also needed. The unit identified
in Table V is recommended.

An alternative to the procurement of an appropriate air conditioning unit(s)

is to use a chilled water processing unit. Such a unit is available through
the Facilities Department and includes a fan, heaters, and a precision tempera-
ture controller.

A preliminary specification is given in the Appendix for the design or selec-
tion of a suitable cooling system.

I
AR
Paul Kendall”

TADS/PNVS Thermodynamics
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12.

13.

14,

15.

TABLE 1
ASSUMPTIONS USED IN ANALYSIS

ROOM TEMPERATURES FROM 70°F TO 80°F WERE CONSIDERED.

NOMINAL CHAMBER TEMPERATURES OF 65°F AND 90°F WERE CONSIDERED. AT BOTH
CONDITIONS, TOLERANCES OF + 3°F, %4°F AND 4+ 5°F WERE CONSIDERED. ENTER-
ING AIR TEMPERATURE WAS ASSUMED TO BE THE LOWER LIMIT SET BY THE TOLER-
ANCE. EXIT AIR TEMPERATURE WAS ASSUMED TO BE THE UPPER LIMIT SET BY THE
TOLERANCE.

EQUIPMENT HEAT LOAD 3.5 KW DURING OPERATION OF THE EQUIPMENT.

PERSONNEL HEAT LOAD

550 BTU/HR.
TOTAL WALL AND CEILING SURFACE AREA = 496 SQ. FT.
FLOOR AREA = 112 5Q. FT.

THE CONVECTIVE HEAT TRANSFER COEFFICIENT ON THE INSIDE SURFACES =
2.5 BTU/FTZ - HR - °F.

THE CONVECTIVE HEAT TRANSFER COEFFICIENT ON THE OUTSIDE SURFACES OF THE
WALLS AND CEILINGS = 1.5 BTU/FT2 - HR - °F.

TH% HEAT TRANSFER COEFFICIENT ON THE UNDERSIDE OF THE FLOOR = 2.5 BTU/
FT< -HR - °F,

AIR TEMPERATURES UNDER THE FLGOR OF 62°F, 64°F, AND 66°F WERE CONSIDERED.

WALLS AND CEILING WERE ASSUMED TO BE FABRICATED FROM 2 INCH THICK RIGID
FOAM WITH A THERMAL CONDUCTIVITY OF 0.021 BTU - FT/FTZ2 - HR - °F.

THERMAL RESISTAN 'E THROUGH THE FLOOR PANELS WAS NEGLECTED.

IN THE CLOSED LOOP MODE, VENTILATION AIR WAS ASSUMED TO BE TAKEN FROM UNDER
THE FLOOR AT THE RATE OF 100 CFM.

TOTAL AIRFLOW THROUGH THE EQUIPMENT = 1350 CFM.

IN THE OPEN FLOW MODE, THE EQUIPMENT LOAD IS DIMINISHED BY DISCHARGING
ALL OR A PORTION OF THE EQUIPMENT COOLING DISCHARGE AIR FROM A VENT(S)'

IN THE TOP OF THE CHAMBER. THE PORTION OF THE EQUIPMENT LOAD THAT IS DIS-
CHAFEGED THROUGH THE VENT(S) IS THE RATIO OF TOTAL CHAMBER THROUGH FLOW

TO THE FLOW THROUGH THE EQUIPMENT, OR 100 PERCENT, WHEN THE THROUGH FLOW
EQUALS OR EXCEEDS THE FLOW THROUGH THE EQUIPMENT.
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TRBLE [II- . SYMBOLS USED /N ANALYSIS
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TABLE Y.

CEQuUIPmenT

AIRCONDITIONING & TEIMPERATURE CONTRD '

_ ITEM & DESCRIPTION

QUANTITY
oPrTioNn I

REQIIREGD
opfPTioN IC

AR conommoNER UNVTT __
__STcK nNumeer 3¢ 296 %
_PAGE T79%___ S
__LNIT CosT = B qgc,*

_CAPACITY @ 230VACL:
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APPENDIX
PRELIMINARY SPECIFICATIONS FOR A COOLING SYSTEM
FOR THE PGSE AUGMENTATION EQUIPMENT TEMPERATURE TEST CHAMBER

The cooling system shall provide for operation of the chamber with an

internal air temperature maintained at either of two levels. These are:
65°F + 3°F and 90°F t 3°F.

The active primary load in the chamber is 3.5 kw. The air circulation
rate through the equipment contained in the chamber is approximately
1350 CFM. Additional loads include 550 BTU/HR personnel load, lights,
a circulation fan, and loss or gain through the chamber walls and floor.

The cooling system shall be capable of establishing either of the cham-
ber conditions within 2 hours of start, without the active primary heat
load in the chamber.

Cooling and initial temperature adjustment shall be accomplished by
extracting air from the chamber, passing it over appropriate cooling
coils (a heater will be required to initially establish the 90°F condi-
tion) and returning the air to the chamber.

Distribution and flow rate of the recirculated air shall be as required
to achieve the specified temperature tolerance. Minimum flow rates are
specified in Table IV. Attention shall also be given to providing a
“comfort zone" in front of the equipment under test. If possible, air
movement in this region shall not exceed 120 FPM.

Control of chamber temperature shall be achieved by the use of an elec-
tric heater in series with the cooling coils. Air temperature at an
appropriate location in the chamber shall be sensed with a thermocouple
and a signal provided to a temperature controller which shall operate
the heaters as a means of temperature control.

Ventilation air will be introduced into the chamber at a rate no less
than 100 CFM. It is suggested that this be obtained by removing a
floor panel and replacing it with a panel with an appropriate orifice.
A ceiling vent will also be provided. It's location shéuld insure that
the air leaving through the vent is a portion of the.air leaving the
center post section of the test bench.

The cooling equipment may consist either df an air conditioning unit
or of a chilled water cabinet.

rd ¥ ‘lL A’ &k L’ “ lv '.

If permission is given to open thé temperature control tolerance, air
circulation rates can be reduced as shown in Table IV.
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APPEKDIX A

TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF

ELECTRONICS
Test Operator
and
Unit Paragraph Witness Initials
Calculate 4.1.1.2
7€ dF—
Parallel Buss 4.1.2.2 7_}( d‘/ r2? -
Matrix Switch 4.1.3.2 y

A/D Converter

7)F Y/
4.1.4.2 7‘)ﬁ ﬁ%»

Digitizer

4.1.5.2 ~)f W

Fixed Power Supply

Programmable Power Supply

4.1.6.2 7‘)( (%ﬁ/

4.1.7.2

Resolver Simulator

Programmable Pulse
Generator

4.1.8.2 7;/( ,6%/
U

4.1.9.2

Video Signal Generator

4.1.10.2 7TIR (,é\-ﬁz///
_/

258569.28/4013/0 A

FSCM NO. DWG. NO.

58260 13082803

REV. R Sheet 29
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APPENDIX A

TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF -

OPTICAL SIGNAL ANALYZER

Test Operator
! and
Unit Paragraph Witness Initials

Filters 6.2.1.2 4P %/
Shutter 6.2,2.2 0 ]
T8 UH)~
| Focus . . 4.2.3.2 f)& Uﬁ%/
| Photo Multiplier Tube 4.2.4.2 7_//€ /Wf ‘
IVD Electronics 4.2.5.2 TJ/? ﬁ)ﬁ/ '
w

| $ 5

L]
.
PRI

3 ~FSCM NO. | DWG. NO.
A | 58260 13082803

- L 3
APICT .3 RPN o SPTTIR P,  p

v

e

238569.29/4040 | REV. H T skeer 30

G AP W/

~l e el a m et el
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APPENDIX A
TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF -
OPTICAL SIGNAL GENERATOR
Test Operator
and ot
Unit Paragraph Witness Initials o
-
Filters 5.3.1.2 ~ IR AW
x - {
Mirror 4.3.2.2 70 W
Diffuser/Pilter 4.3.3.2 TJR W )
Lamp 4.3.4.2 vi ) L//m/
L2
; =~
o
.
;o
FSCM NO. OWG. NO. _ﬂ
F .
58260 13082803 ) 1
: - ! g
258569.30/4040 REV. H | SHEET 31 ; 2
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APPENDIX A
. TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF

DAY COLLIMATOR

Y Test Operator
and
Unit Paragraph Witness Initials

;‘ Shutter 4.6.1.2 7J/\o [QW
5 A Mirror 4.6.2,2 _7 JK W

T Lamp 4.4.3.2 TIFP W
External Source/Target 66.4.1" 7\)'€ W
S o el
; Varisble Pilter | 4.4.6.2 T \L’Q (Jﬂ’%f
. External mir:fr _ 4.6.7.2 Y LW

3 Mirror 4.4.8.2 TQ/? W
w790 D)

el External Camera 4.4,.10.2 {)ﬁ qu}/" | 1
Laser 4.4.11.2 7‘),6 iy

»_¢
i St 0+ st

e

!

k

t
} internal Radiometer 4.4.12.2 T-)/f i 1
% § ']
| FSCM NO. | OWG. NO. l & 1
D A | 58260 13082803 1
* REV. H SHEET 32 1
258369.31/4040 -

.
et
el
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APPENDIX A

TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF -:j
- 4

FIR COLLIMATOR

Test Operator
and
Unit Paragraph Witness Initials

Shutter 5.5.1.2 T W
Target 4.5.2.2 ’f)( (IW

Aperture 4.5.3,2
’ Boresight 4.5.4.2 7/@ .
. COMMON MODULE U
;' Test Opeucor.
" and
Unit Paragraph Witness Initials

; Temperatures 4.6.1.2 ’f) € W/
Miscellaneous Ianterlocks 4.6.2.2 T\)/e lﬁ’%/

Laser Power and Interlock 4.6.3.2 T\Jﬁ (gjﬁ/

NOTES Ve :

h 1 1. Computer generated data will be added to this appendix end labeled as i
B ’ test data, dated, and signed by appropriate individual. H

2. Hardware status including EPROMS relative to released engineering, will
be defined at the time of the acceptance test procedurs.

Ti ARAMINE® e

3. The final version of the self-test gource softwsre listing and tape
v be provided at the tims of the acceptance test. The revision level of
'; : the RCA system softvare will be identified at the acceptance test.
b FSCM NO. DWG. NO. h
4 -
- A 58260 13082803
258569.32/4040 - REV. H | SHEET 33 _ ;
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a1re Sion oid SH
g-17° 85

TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF

2-¢d

APPENDIX A

ELECTRONICS ¥
R
=
Test Operator a
and ]
Unit Paragraph Witness Initials —d
Calculate 4.1.1.2 ’
R G
IJ 1
Parallel Bus 4.1.2.2 W
T\) I? Ul 77
Matrix Switch 4.1.3.2 T W
R
A/D Converter 4.1.4.2 ..//‘/'e W
Digitizer 4.1.5.2 —7(//( (/W
U
Fixed Power Supply 4.1.6.2 TJR W
YV
v,
Programmable Power Supply 4.1.7.2 7\)@ W
=
Resolver Simulator 4.1.8.2 THR W
Programmsble Pulse 4.1.9.2 U

Generator

TIR

Video Signal Generator

Pulled USE board .

yef.'litJ

éV
LJ.IO.z(P‘Z,ﬂ‘P 7\)p

Syn¢. ¢ Trigst- signels s/.'//)dod.

Checked Cable. Cable ok . A,oe/nscr/'«/

board. ATA Tes? check 76‘(/'

Poss ble Thermal r~blem Ny /
7@ (;ifsz

5\{/7L,

Vi .

I FSCM NO.

; DWG. NO.

. 13082803

H




1
i
i
A
4
N
1
K
1
{
|
{
|
1
/|
1
!
i
i
i
1
y
j

Ania Adeea koo o a s 6 M oa Ao

APPENDIX A

TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF

»

OPTICAT. SIGNAL ANALYZER

-4
- Test Operator 1
. and ﬂ
Unit Paragraph Witness Initials R

Filters 4.2.1.2 .r/R Q?W

" Shutter 4.2.

\‘
—
SN
N
§TS(
O

y Focus 4.2.3.2 B
& ' TR Y )
Photo Multiplier Tube AZAW”Wﬁ ./)e (//W -j

7 ot PN

L “n,
IVD Electronics 4.2.5.2 -TJ/‘A %/
A

' Re - R guccesw:uuy @ /5140/&«7 /7 d/v)
o 6{‘/'/0'\40(/'“‘4,,) /‘/,q7 66’7%"“({["0 ;(/W
":" ro /d/’CSJ a//-ug?‘m e kl"d b /L/ /

7R

. ,.".‘.'
TR

-

: Io& 0 38280 130y,
! | e
i ' . REV. H [ (P
" 258569.29/4040 L . ———— SHzz™ 30
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& APPENDIX A ‘

TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF
1: OPTICAL SIGNAL GENERATOR _
)

- i
- Test Operator

) and
R Unit Paragraph Witness Initials

Filters 4.3.1.2 ’ ' | *
7JR WW {
%

- Mirror . 4.3.2.2 71)/? Y f

. FAAL

: Diffuser/Filter 4.3.3.2 7’J/§> W I

L 4.3.4.2 Y s

- - TR :
Zan

.-, J.
I oK
.
o
] FscmNO. ¢ DWG. KO.
| !
A | 58260 13082803
: ,
b 758560 . AN /4LN4LN : | REV. H . SHEET 231
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1.: A 'L Aol

APPENDIX A N
TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF I
N
DAY COLLIMATOR 4
§
Test Operator .
and .
Unit Paragraph Witness Initials o]
4.1 > -
Shutter 4.4,1.2 7JJ/€ /q) 7/ 1
A Mirror 4.4.2.2 3
T Lamp 4.4.3.2 .i
. External Source/Target 4,4.4.2
a -1
.« 1
F Focus 4.4.,5.2 3
Variable Fiiter 4.4.6.2
E:‘A
External. Radiometer 4.4.722
t B Mirror 4.4.8.2
: /4
' ~ 7
l:' Internal Camera 4.4.9.2 ﬁ/( 0 y
1 | VD
- External Camera 4,4,10.2 —TJ @%
9
/© 1y
& Laser 4.6.11.2 V
2 7R W
5
, Internal Radiometer 4.6.12.2 7f W ;
i;‘ [ 73 ..:
. .
; 4
j FSCM NO. | DWG. NO. R
. I .
3 .
b A 58260 f 13082803 '
' | .
| REV. H SHEET 32 HJ
PROCELN AV /NN e e e —————— . . m—i——— e
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APPENDIX A

TADS PNVS AUGMENTATION UNIT TEST ACCEPTANCE REPORT SIGN-OFF

FIR COLLIMATOR

Test Operator
and
Unit Paragraph Witness Initials

Shutter 4.5.1.2

wn

Target 4.

10 Y

Aperture 4.5.3.2 7)R W%

Boresight 4.5.4.2 | T)K %%/

COMMON MODULE

Test Operator
and
Unit Paragraph Witness Initials

Temperatures 4,6.1.2

V7. /4

(wg
Miscellaneous Idterlocks 4.6.2.2 T.)f L%ﬁ/[—

v
Laser Power and Interlock 4.6.3.2 - ;
[JP v/71£22%2%22///
a4
/

NOTES i

1. Computer generated data will be added to this appendix and labeled as
test data, dated, and signed by appropriate individual.

2. Hardware status including EPROMS relative to released engineering, will
be defined at the time of the acceptance test procedure.

3. The final version of the self-test eource software listing and tape
be provided at the time of the acceptance test. The revision level of
the RCA system software will be identified at the acceptance test.

FSCM NO. !cwe. NO. l

A 58260 i 13082803 |
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1.
2.
3.

a8

ij-l

-

| &

/.'1

R a.

B

L.

E/O AUGMENTATION
ENVIRONMENTAL TEMPERATURE TEST

DATA SHEET
DDA
2.0:03°C
65°F
FIR MODULE |
Y= |5 san
B) FOCUS set
C) ATP X
VIS/NIR MODULE o5
A) BORESIGHT 1. G
B) FOCUS 17-35 Line widh
C) ATP -
0s6
+
D ANCEemen
A) BO:ESIGHT oY ‘cﬂo >
v - s N Pa)
LX= 3% ; 7 St
EO MUX >;( ‘_'| T2 sec
£
B) FOCUS . $¢
TV o3
EO MUX se
C) ATP A
0SA

PASSED

REELN
34270
90°F
X =l2s%s
Sqf——-l.Q
X PASSED
QT >
§37 .z
20-% ) [
\6 &7
X PASSED
'Tc'fql
y:-ocsz’ Ay: .o0D2
- DOD? D = ~.Cov2
- §O$:c oK = caseﬁ
4,-‘#/ o Df - lo SCc
Ole® L = .03
Ssv .
PASSED

L ¥ O T
v s 8 3B ’

. A. S n l_L o

:'.' ‘h‘i"h .‘7
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o

i 0

P
PRI T D T B

i v L% T @ L TN TET T T T T T TR T TTW TR TR WL AT T LR, T e T e T T T e T e e

UUT PhUbKAMS LIwwlU2.1C CURPILEV un?:  16=AUG='% 9320250
IESTtws o/lo/83 4isbilds Udtnw SYSTEm TA:S/PnNVS 4

= KU TIFME aYSHIE™ KeV 7.07 ==l 2010 135=AUL=82
PrRJbixAM Currliiby uainG AITLAD HeviSIune: 6,07

C ALl B~ ATl UN ST A I US
*%x UxJuIwAL SYSIEm CAL APPLIED
xx £ AD CAL AFPPLIED
xkx S1IM Cal APPLIED
NU RKF STATIUN CAL AFPPLIED

LInE wluln

22.U6

17.be

tine viuln

18,57

Lli‘t "vl\)]to

Livtk wluTe = 19,9%

Focus

’

OR

LInk wIuln = lo.70
%é LINe #10THh = 18,358
. LiIne wIDIn = 18,94
" LIGE wloTw = 17,30
F- LINE wluln = 17,32
' Line wIuTrn = 18,89
Link »iuThn = 19,41
. Ll1ve w10Tn = 17.09
?g LINE vJuTk = 10,67
. LIt wI0In = 19,45
g THIS LIVEDS Al AvEwAst kel AilVe LINE wlDTH UF 18.66
. 14 LUUL DATA SAMPLES wEKE TANEN,
. Line ~dtTh = 18,25
. Line ~#IDTE = 17.68
& LINE Wlulr = 17061 n
Live aluTn = 17,45 \
LInE wIGTh = 17.%8 ﬂ
"u LInk viuTn = lo.94 4
. Link aluinm = 16,78 B
%: Livik wlDTR 2 l7.§/ ]
— - 3
h‘ LINE wIDTH = 17,20 216 %{
i 1
| BT -— ) i
R R e R . e
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[

ol

LINE wWlvuTH = loe.bo

THIS LIVES Ale AVbhnnofE FELATLIVE LIne «IUIH UF 17.34
10 LUUD LATA SAcrLty vEck AR,

AT W,

H

. .

TR l P
.o .

PR Yy e

s
L4
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P e T T T T T T I e Ny T e R T A TR IR T T TR T e T T e R e e T e Ty e
N
. .
LINE wIUTh = 17,69
&: Llwk wlDTR = 17,00
. LINE w]DTE = 17,36
- LINE wILTh = 17.65
= LINE wIVTH = 17.4¢
v LINE wIDTH = 17.39
: LInE AlDTH = 17,15
e LIneE wIuTh = 16,29
... Ling vloTh = 1b.48
& Linve wIuTr = 16,917
& -
LIKE wluTh = 17.456
‘E Lint wILTH = 17,77
LIne wlDTh = 17,97
x Live wInTh = 17,89
LINE wiILTh = 17,15
- LIE “ILTH = 17,23
" LINE wlDlh = 17,36
" LIng wIuTh = 15.63
. LINE wlUTh = 18,05
;_ LINE aIlTh = 17,48
I LINE ~lLTh = 17,11
- THIS GIVES AN AVEksE weELATIVE LIGE wlDTH OF 17,356
- 21 LULOUY LATA SAKPLES wErE TaKci,
.. .
a8




- 414

LInt
Lint
LINE
LintE
LINE
LInNE
LINE
Liwve
LINE
LINE
LIne
Llne
LIWE
Liwk
LInk
LINnE
LINE
Live
LInNE
LINE
Ll
LIne
Llnt
LInE
LIk
LIne
LInNE
LInt
LInt
Lint

LINE

eIDTH

D ].L n

wILDTH

nILIH

n1DTh

v1uTh

wIUTh
AluTn
w LT
wlllr
~lUTH
wliTh
wlDTH
rluTh
wluTh
rIOTH
aIuvr
W10 Th
wlbTr
wlbTn
wluln
wItTh
nlblh
wILYh
vluln
wIOTH
wlOIh
vWIDIE
10T
aluTh

wioTh

16 ,us
17.50
lo,606
16,54
18.88
18,90
19,86
19.35
18,03
19.v0
17.90
18.1v
19,35
2l, 04
19.4¢
18,42
19.706
el.co
19,28
17,97
18,85
19.9¢
1.0V
19,28
19,489
16,75
18,62
eu,.5¢
18,806
17,64

19,48

e
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Linte o 10Te 3 1o, 00

Tr:lo IveES AN AveErAul melAlLVE LIve wlulr UF 18,77
3¢ Luo b vATA SamPrLED “ERE TAKE.,
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iﬁﬁ.

"UUT FRUGKAMS: XBUKCZGIL CunmPiLEy Un:  Jo=AUL=HS 8212352
TeSTevs o/16/83 1vieide Usluwe SYSTEm TALS/PNVS 4
Qe
= pwuh TIMek SYSTEr KEV 7,07 ==DLL 2.1V 13«AUu=b2
PreuGradr, CUMmPILEL USInve ATLAS KeVIdIUNS 6,07

e

“! CalLldrRATIUN STATUS

ax UNIGIWAL SYSTEm CAL APPLIED

.. ~x HEAS Cal APPLIEUV

“, : *% SVlm CAL APPLIEUVL L14’

B WU wkF STATIUN CAL APPLILED S99
Do

WARNING, 10488 rESSAGES 40

S
_—

LeF1 CULurde VECTUK

1485 152 135 130 134 15%c 1%u 134 133 131 13«4 131 134 132 132
132 135 154 13¢ 131 13%2 130 133 126 129 135 135 137 135 133
135 1%0 133 130 134¢ 151 132 1351 1% 135-133 130 130 134 130
136 130 135 131 132 135 15d 136 136 131 132 135 133 131 135
158 129 132 136 136 131 {357 134 135 139 134 138 138 136 142
140 1535 1066 187 190 194 173 160 146 140 142 139 141 136 139
137 134 132 131 134 135 135 136 135 134

T

RIbhT CULUEN VELTUK

s

139 139 140 135 135 137 135 137 135 132 135 136 136 136 134
136 1356 134 135 136 138 138 139 133 136 134 135 137 135 136
137 130 134 133 134 134 136 136 155 156 137 136 137 1356 136
135 137 136 137 135 135 137 138 137 138 13> 1350 139 140 136
156 134 136 136 134 137 139 136 135 137 137 14u 136 142 147
144 152 164 184 195 1bb 10649 164 151 146 146 142 144 138 140
136 138 134 135 141 1306 1306 138 134 136

UPPEK Kuw VELTUR

135 132 134 133 132 130 133 3132 134 134 132 131 135 133 135
135 136 135 133 132 137 137 136 135 130 132 137 134 138 135
(- 137 136 138 135 137 136 139 138 136 138 138 137 1357 137 139
%} 136 136 137 139 139 144 148 157 173 183 169 178 164 153 142 o
B 145 139 136 135 138 135 139 136 1359 137 137 136 137 135 140 hS
. © 139 139 139 139 139 : -4

e -y ’
o [P A .

. w en
a
L]

LUnEr kOw VECTOUKR

137 136 135 134 133 135 135 1354 136 135 134 131 136 133 137
o~ 136 135 133 1357134 136 139 136 134 136 136 139 141 137 137
135 133 137 137 137 135 138 136 138 138 141 138 138 136 139 A

140 142 141 141 141 143 147 160 177 1835 186 175 160 149 143 )
141 136 140 135 142 140 138 136 136 138 136 137 140 138 142 g
139 140 138 140 138 . ]

‘CRUSS1= 78.7 CROSs2= 81,7 :

DIFFERENCES 1.5

THE LEFT CULUMN VECTUR CRUSSEDL THE TARGET LINE AT 19.8 )

CNUSS1Z Tb.8 CRUSS2= 82.2 ‘ {;

DIFFEKENCE= 1,7 ]

THE RIGHT Culumiv VECIUR CruUSSEUL THe TAKLET LINE A) 19.5 R

CROSS1= 54.7 CRUSSZ= 56.48

DIFFERENCE= 1,1 '

.THE UPPER RUW VECTOR CRUSSED THE TARGET LINE AT 55,8

CROSS1= 54.5 CROSS2= 56,5 221
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v

DIFFEREWCES=

Ll
Tt
Tnt
1ne
Tnt

LEFT

1354
134
132
132
134
146
139

cn 1S Al

LUAEn bhoh

CROSSHALIRYS LnikExSECT AT 55,06 19.0

1.0
95.Y9

yelvlx CRUSSEL
nuulZgulAL LRuUdSHA LK . A3 A SLLPE UF
veRTLICAL LhiidoHAlh mAS A SLEWPE OF 4iob,.@

COLuUMN VEC I UK

134
137
132
138
134
154
138

132
151
134
155
1317
174
134

Il T CuLUPrL

139
136
130
134
137
146
140

133
135
135
14y
135
156
140

140
135
158
134
149
1b6
146

187
135
152
130
157
16848
135

134
136
134
13>
133
19
135

VELTUK

137
134
132
138
137
149
138

UPPEXR KON VECTOK

1354
134
136
137
142
158

LUWER KU

137
135
139
139
145
139
CROS

134
135
137
140
139
154

134
139
137
141
142
140
Si=

135
13S
138
138
142
133

135
156
138
142
139
134

vECT UK

134
137
138
14v
142
139

1.4

OIFFERENCE=
THE LEFT CULUMN

CkUS

Si=

VIFFEREWCES
THE n1GnT CLLUMIK VECTul CROSSEL .
CRUSS1Z 59.0 LRUSS2= 57.1 OGSSED TmE TARGET Llnk AT 19,7
DIFFErRENCES
UPPER KUW VECTUr CROSSED

CKOSS1= $4.5 CRUSS2S U THE TARGET LINE AT S6.0
LDIFFERENLCE=

THE

133
139
137
141
137
14y

130
137
134
137
138
191
138

135
135
130
144
14y
133

133
139
137
139
138
139

CruUSH2=

1.6

1.0

1.1
CENTER IS AT 55.6

135
135
131
135
134
191
135

130
140
133
135
130
190
140

134
13/
135
162
1306

1352
139
1306
147
136

¢l.0

95b.¢

136
135
136
134
136
172
157

137
134
156
137
137
176
137

134
155
137
147
139

136
137
137
151
140

Tht

132
133
132
134
132
159
134

134
137
136
136
138
164
139

132
138
157
156
138

135
137
136
160
139

rn; LQWER nOW VECTUK LrUSSEL 1ht
Tng nURIZUNTAL CrUSSHAIK nAS A SLUPL UF
Tre VERVICAL CRUSOShAIK mAS A SLOPL uF 241.9

THE CKOSSHALRS IWNTERSECT AT 55,7 19.6

-LEFT COLUMN VECTOK

e e -
PO P G S RN

4

adedie — "

e v T VR R T

TARGET Liie AT 99.5

132
131
134
135
136
148
135

136
137
135
157
137

151

138

135
1306
158
173
158

136
136
139
176
140

135
133
134
130
137
144
134

137
136
135
138
139
140
139

135
137
137
180
138

135
140
138
1684
137

=0V

130
13e
135
133
138
141

137
135
154
138
140
143

134
135
139
187
138

136
138
158
187
138

134
134
130
134
158
142

137
137
137
137
140
142

133
136
138
181
136

137
137
137
176
136

133
134
134
139
140
138

134
135
141
136
140
143

135
135
136
167
136

139
139
138
103
141

TAKGET LINE AT SS.b

e e
o S gt e Rl oot cahSHEL
. - . .

222

=0.0

132
132
132
131
141
139

136
137
135
138
140
142

134
137
135
155
135

139
138
136
151
139

VECTUK CROSSED THE . ,
78.7 CKUSS2Z 81.8 £ TANGET LINE AT 20,0
1.5

- . ¥,

134
132
132
132
143
138

138
134
134
137
146
140

136
134
137
144
139

138
138
141
144
140

Dl L A

iake

iy o9 k;“u.g et




rn‘s ik it euiE RS AN E A N AL AT e R IR
E%
132 130 139 132 13/ 133 156 131 135 129 134 132 135 131
130 1355 120 1349 135 136 154 130 134 185 151 155 135 132
i 134 135 132 1335 135 134 135 135 130 134 136 13/ 134 132
e 133 130 135 130 13/ 134 133 132 157 135 120 155 134 134

134 134 134 130 134 134 136 135 1357 133 130 137 158 140
146 1S7 171 164 191 188 179 161 152 147 142 141 1431 137
130 135 136 134 134 13855 134 1395 139 133

NIGHT COLUMN VECTUR

137 137 135 137 138 135 137 136 136 134 137 134 137 137
134 137 136 139 139 136 135 138 138 1357 137 136 139 138
158 135 134 3136 138 137 155 135 157 138 133 135 136 1306
135 136 136 137 137 137 135 135 139 136 135 130 137 137
1406 136 135 137 137 136 136 134 137 138 139 140 141 139
143 151 166 18¢ 192 189 185 166 155 147 145 145 138 140
136 140 137 141 14¢ 136 137 188 137 135

uPPER KON VECTUm

132 130 132 131 134 134 154 132 130 134 136 135 137 135
136 136 134 134 134 1360 132 138 135 130 133 132 135 137
136 135 137 130 1306 134 136 137 139 136 137 135 135 134
134 137 137 140 141 143 146 153 171 181 18Y 181 167 158
143 139 141 136 140 137 14C 138 138 136 138 137 137 130
130 137 137 137 137

LOnwtk RUW VECTOK

135 139 137 137 138 138 136 136 137 136 137 137 130 137
134 137 135 139 137 137 139 137 135 138 136 138 140 14y
139 136 137 136 133 136 135 136 137 137 137 136 138 137
139 137 138 141 140 146 149 1S7 174 181 187 179 165 153
143 141 140 137 139 1357 186 136 139 137 139 136 138 137
136 138 138 148 130
CHOSS1= 76.7 CRUSSe= 81.9
DIFFERENCE= 1.6
THE LEFT COLUMN VECTUK CKROSSED THE TARGET LINE AT 19.7
CRUSS1= 78.9 CRUSS2E 82,3
VIFFERENCE=Z 1.7
THE R1lunT COLUMiN VECTUR CRUSSED THE TARGET LINE AT 19.4
CROSS1= S4,.,9 ChuSSs2= 57,1
VDIFFERENCES 1.1
THE UPPER RUW VECIUx CROSSED TnE TARGET LINE AT S6,0
CRUSS1= 94.9 CKRUSS2= 56,9
DIFFERENCES 1,0
CENTER 1S AT S5.9
. THE LUWEK RO~ VECTOR CROSSEL THE TARKGET LINE AT 55.9
= THE HORIZONTAL CRUSSHAIR HAS A SLUPE UF  =0.0
r‘ THE VEKRTICAL CRUSSHAIR HAS A SLOPE OF 802.3
Tt CRUSSHALIRS 1wTenSECY AT 55.9 19,5

e S g o w gt W mowe w1 VB ep———— e oo e o m—— -

134
132
135
134
143
135

136
138
133
137
145
140

134
134
136
148
137

137
140
137
145
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VLT PrObRAME LIwwlDe.lC COMPLILEL UN: 17-AUG=83 8316334
TeSTEUS ¢/17/83 8351322 USING SYSTEM TADS/PNVS 4
- RUN TImk SYSTem meV 7.07 ==0blL €410 13-AUG=82 1
PNUGKRAM CUMPILED USING ATLAS KEVISIUNS 6,07 Jl
CALIDBARATI1I OUN $ TaTus'
»x ORIGINAL SYSTEM CAL APPLIED
xx MEAS CAL APPLIED
x* STIM CAL APPLIED
MO RF STATION CAL APPLIED
LInt wIOTH = J2.07
Lie aluin & 2ul.vus
LInk wWIuln = 18,97
Line wIbTh = 18,3¢
LINE wiLTh = 18,72
LINE wiILTHh = 18,82
k- LInte wIDTR = 17,97 &
: LINE wIDTh = 19.12 -
s
Lint wIDTh = 18,34 ..
-3
LINE RIDTh = 17,97 S
f? Lintk wluTh = 18,9y jj
n Lint wIblh = 18.19 {i
. LINE WIDTh = 19.09 N
- THIS GIVES an AVEKAGE RELATIVE LINE WIDIH UF 18.21 -
- 13 GUUD DATA SAMPLES mErE TAKEN, oo
4
- .
. Focuj DA
: \ oo
- %WD T >
e > lar N A #‘ﬁ}
e . T
: - : ]
H pa . gL
:'.A 0) v L‘) .‘:\.'.:
e “-J
o B <
‘: (¥4 >_j
Zon ]
- ':‘: .9
- :1
1
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 THIS

G6IVES

AN AVERAGE RELATIVE LINE WIDTH UF 18.89

B Sa RN AEAA AP SR A A AN A A R M <
- -
. 1
LINE #1lDTH = 19,30
LINE wIDin = 19,35 :
LINE wllTH = 19,42 .
LINE WIDTH = 18,55 (
LINE wIDTH = 18,22 :
LIne wWiDTh = 19,15 ;i
LINE wWIDIF = 18,03 _1
. LiInt wIOTHn = 19,1V }?
t} Linte wluTr = 18.5¢ ij
= LINe wlDTn = 18,63 1
=~ LINE wIDTH = 19,03 .
fl‘-‘ LINE wIUTh = 19.39 __i
LiINe wIUTPr = 18,75 3
i;_-‘. LINE wIDTR = 18,64 8‘\_([3.: 1
LINE wlOTH = 18,60
“ LINE viJUTH = 18,62 "‘?
F. Lint witin = 19,37 .
" LINE wILTH = 18,42 F ocus 2
!! LINE wiIbTn 16,36 :_It
| LINE wlLTH = 19,26 HG“”‘Q A K
51'- LINe wIDTh = 18.82 | )
‘ _ H\?//\ PN N
—~ LINE wIDTh = 18,45 IP -
LIvE wIDIH = 18,61
:: Linte wivin = 18,64
s
LINE wIDTH = 19,44 _
LINE wIDTH = 18,81
LINE wIDTH = 18,79
t' LINE wIDTH = 19,43 .
- LINE wIUTH = Jb,77
LINE wIDTH = 19,47




Link
L INE
LINE
LINE
LINE
LINE
- LINE
Ling
LInt
LINE
LINE
LINE
LINE
LINE
L1nt

THIS

L INE

«10LTH
wibTh
nwILTH
wWibTh
wlDTH
wiDThH
wlDTH
wluTh
aluTh
wlbTh
WIDTH
wILTH
wlulh
vlulh
pIDTH
WwILTH

GIves

19.60
19,84
19,64
20.35
19.60
19.66
19.5¢
16,74
1b.58
18,91
2l.eb
19.2Y
19.30
16,71
16,78

19,00

AN AVErPAGE KELATIVE LIKNE wWIUTH OF 19,56
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UUT PRl

TeEsita:
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Tiok oYSsTe~

XUU"&.]C
¢/17/785 luidoicd

Xev

7.‘.'7 --UbL "Qlu

Lu~srliLEv

Une

Uolis SYSIEM

lo=AuG=63 s312:52
TADS/PNVS 4

15=AUG~-02

PRUGRAM LUMPLLEL USlile AVTLAD Rbvisludve

LEFT

135
134
133
136
135
139
135

IGRT CULUMN

137
137
138
137
ldo
143
138

CULUMIN

134
135
136
13¢
139
130
135

134
139
130
137
137
140
139

1357 135
1359 135
134 1353
155 136
142 144
130 135
130 1355

142 136
15b 139
1308 137
139 137
14e 146
139 140
138 14y

HPFEKR ROW veCTUKR

136
130
136
140
14v
135

134
137
138
142
13¢
138

137 134
130 138
139 136
144 }15v
137 136
134 13¢%

Luwkr RUw VeCT0w

145
134
140
142
138y
136

135
136
157
145
1357
140

135 133

134 136
140 138
146 3157
139 (36
140 140

vel Tuk

135
13¢
138
155
154
146
136

vECT uk

130
139
157
lu])
149
140
134

137
137
130
16¢
141
154

157
137
150
175
1306
14y

CRUSSL1= 67,5 LrUSSE=
VIFFERENCE= 1,9
THE LEFT CcOLuUrn
Cr0SS1= 67,4 CRLSH2=
V1FFERECE= 1.7

THE r 16nT Cubivme:
CRUSSL=

JVIFFERENCE= 1.2
THE UPPER RUN VECTUNX
CRUSS1= 50,6 LRUSSZ=
DIFFERENCE= 1.4
CENTER IS AT S2.0

S1.1 Crubd3e=

CRUSSED
53.4

CAalLlonal

1 u

bV

ST A

u o

% ORIGINAL SYSTEM CAL APPLILED
% rEaS CAL APPLILED
x% STIM CAL APPLIiED
NQO KF STATIOnN CAL APPLIED

130 137 134
136 1%1 1356
V30 137 1357
134 136 135
165 174 195
139 136 138
135 155 133

155 139 137
140 139 137
139 158 136
141 139 15¢&
160 3173 189
141 137 149
130 14y 140

136 137 134
156 156 138
135 139 136
179 192 187
150 139 136

1357 130 155
139 1357 140
137 140 138
163 193 146
134 156 1354

71.v

VECTun CKO3SEU THE

70,9

veLTurw Lr0OSSEY
53,5 '

135
133
137
156
196
138
157

14¢
135
135
137
195
136
139

136
13/
138
173
1350

138
130
139
169
13¢&

135
136
137
136
191
135
138

141
141
137
140
193
137
139

134
13y
135
161
i30

137
139
138
159
130

Ine TARGED

155
134
136
134
180
135

138
138
159
139
179
137

157
137
159
146
139

139
138
139
145
141
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136
134
135
136
1548
137

1348
1356
137
138
164
140

135
136
137
14¢e
138

1357
139
138
142
138

TARGET Llnt Al

134
135
135
136
147
136

14¢
138
140
137
151
137

138
136
138
1306
136

139
139
141
136
140

TnE TanGeT LINE AT 52.58

134
134
138
137
144
136

137
138
138
140
144
139

135
138
137
140
136

134
140
139
140
138

30.9

LiIngk AT 30.8

135
134
134
137
140
133

139
136
137
139
148
137

138
136
141
139
138

136
140
142
139
138
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THE LOwER kuw VECTOR CRUSOEL THe TAKGET LINE AT S2.0

THE HURJZUNTAL CRUSShalr HAS A SLUPE UF 0.0

THE VERTICAL CRUSSHAIR 1AS A SLUPE UF 3¢u.5
Tt CROSSHAIRS 1HTERSEL] AT S¢.1 $0.8

LEFT CuLumiv VECTUK

140 134 134 135 135 139 136 136 134 134 135
137 134 135 136 134 136 134 134 1356 132 135
139 135 136 140 134 136 134 137 134 138 137
134 135 137 135 130 136 135 136 135 1306 147
138 137 142 141 145 153 163 177 189 197 190
142 141 140 139 149 137 137 136 138 137 13b
138 137 135 137 134 135 135 135 138 135

KkIGHT CubLumiN vEULTUK

136 1360 13%8 14¢ 137 136 130 139 13y 140 138
136 136 135 137 139 136 140 135 142 14u 139
1%36 137 139 139 136 137 139 138 136 159 139
14¢ 138 138 135 130 140 14u 138 1389 137 136
139 142 159 141 146 155 1%06 170 195 190 196
145 141 140 141 141 141 143 138 141 140 139
139 138 139 140 140 140 1359 139 142 138

UPPER RUW VECTOw

137 134 135S 132 138 136 138 138 140 139 140
148 142 139 14C¢ 132 140 137 139 137 139 1%6
141 1386 140 140 142 14y 141 139 142 141 141
140 143 144 152 109 166G 190 189 t7¢ 162 145
144 141 141 139 14¢ 136 140 137 140G 139 139
136 140 136 14v 136

Ltowek RUw VECTUK

137 139 139 138 139 138 13/ 136 140 138 139
130 138 137 139 139 14u 140 140 139 140 139
140 139 141 139 139 137 137 13b 138 137 140
144 149 148 155 172 185 192 189 174 159 146
142 141 145 14 144-141 143 142 143 142 140
146 140 139 140 139

CRUSS1= LH,3 CRGSSe= 71.9

VIFFERENCES 1.8

139
135
134
139
179
130

136
138
139
138
104
137

136
159
140
14¢
135

137
140
140
144
139

134
137
132
138
158
139

139
139
139
139
167
139

136
138
140
141
137

139
138
142
141
142

134
134
135
135
15
135

1359
135
140
1346
155
138

137
139
137
147
137

137
140
142
139
142

THE LEFT COULUMN VECTUK LRUSSED IhE TAKRKGET LINE AT 29,9

CkuSS1= 6.4 CRUSSZ2=E 72,2
UIFFERENCE= 1,9

THE K1GHY CuLuMi VECTUR CRUSSEU THE TARGETD LINE AT 29.7

ChUSS1I= 51,0 CRUSSE= 93,7
DIFFERENCES 1,3

THE UPPER kuw VECIur CRUSSED THE T1AKGET LInNE AT S2.3

CrUSS1= Su,7 ChU3S2=s H3.06
VIFFERENCE= 1.4
CenTeEw IS Al Se2.e2

ThHE LUWER KRUW VECIUK CRUDSEL THE Tan6el LINE AT S52.2

Tht HOKIZULNTAL CRUSSHAIR hAad A SLUPE OF =0,0
THE VERTICAL CrUSoralk mAS A SLUPL uF S2ob.U
THE CKOSSHALIRS INTExSECT Al 52.2 29.4

LEFT COLUMIN VECTUK

137
138
135
137
1406
157

137
157
135
140
148
140

139
130
140
141
138

138
140
142
140
141

137 136 136 133 133 134 136 135 139 138 136 139 133 135 134

- - —

da e el A % alalata maftalatame A

137 135 134 138 133 135 134 130 132 134 137 135 135 137 138
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156 136 159 137 134 134 135 13¢ 137 15¢
157 13¢ 155 135 137 339 137 130 137 136
140 139 Jso 1492 145 19u 1ok 18u 17c¢ ¢ul
12h 139 140 139 139 14y 147 156 18/ 139
13/ 135 140 134 139 141 154 135 156 130

wlonl CLLUNI. VELTUN

139 138 130 139 139 138 139 1308 140 138
140 136 13% 139 140 139 142 139 139 (40
142 140 137 13/ 136 140 14y 138 141 136
136 130 140 138 1306 136 139 142 136 13b
141 141 14y 141 14D 158 160 1785 166 197
144 143 141 140 14¢ 14y 142 140 138 139
139 1359 130 14¢ 14y 141 137 159 139 140

uPPEr Riw VECT N

139 130 139 136 13¢ 130 138 137 139 138
140 139 130 138 137 114G 137 140 134 139
141 136 140 139y 14641 141 14v j37 139 1358
139 144 144 15¢ 1bv 179 jo& 129 175 163
142 139 142 14) 14) 339 141 135 139 137
137 14C 138 140 135

LUatk Ruwn veCluw

136 1355 136 136 137 130 137 138 139 139
137 138 139 139 136 1349 139 140 139 14¢
139 141 141 141 143 140 143 140 140 140
149 144 156 156 1e¢ 184 204 189 164 161
143 141 143 140 141 160 142 142 142 142
139 141 139 140 13b

CrRUSSLI= 68,0 Cri1GSe= 709

DIFFEREKCE=Z 1.9

135
137
177
138

141
139
138
141
194
139

i39
13/
140
147
139

141
139
14}
157
145

- oW T = TT. TTe T e T ¥ T

136
154
170
1317

139
137
140
138
185
139

136
140
14y
148
136

1348
140
141
145
142

130
158
164
130

156
138
138
139
166
139

139
134
141
14y
138

141
140
142
142
144

Dl

139
135
149
137

138
143
145
138
156
140

138
141
139
141
137

137
139
129
143
138

Tie LEFT CULUMKN VECTUR CwubLSEY THE 1ARGET LINE AY 30,6

CrUSH1I= 68,5 LRUSE2= 12.3
UVIFFERENCES 1.9

THE KIGHT COULUMN VELTUR CROSSED THE TARGET LINE AT 29.6

LrU881= S1,.1 CrU§S2= H3,0
ulFFERENCE= 1,3

THE UPPER KUW veCluw CRUSSED The TAKGET LInt AT 52.4

ChUSS1= 5C¢.8 CrUSHSeE 53,4
DIFFERENCES 1,3
CeEwlER I8 Al 52,1

THE LUWER wUW veClur CHRUSSED The TArRGET Like AT S2,.1

Toe HURIZOMTAL CRUGSSRAL< HAS A SLUPE OF

0.0

THE vexiPICAL CRUSSKHAIxK mAS & SLUPE OF 333.4

THE CRUSSRALRS InIERSECT AT S2.2 29.9

SEVERE EFRPUKRy RAPDWNARE SHulTliukn LUE TU UPERATUR ABORT,

135
137
145
136

139
138
137
139
148
139

141
140
1d4e
138
139

139
140
143
141
142
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MARS MATERIAL REVIEW
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MARS DOCUMENT NUMBER
R [ WORX OROER 017 CODR 2. DASH 3 rF & FILE |5 STA & YYPE ) 7. ACCY NO 8 GFL |8 ORIGINATOR'S NAME 10.0 DATE
3  a=
|t 2% Ez| A 392 K |1384 7 Ramdich _ |83¢% ]
L 11, PART NUMBER NEX EMBLY 12 PART NAME NEXT ASSEMBL Y 12. REF DOC/HP.O. NO/VENDOR NAME a4 € 16 E.1.8/N
iRy FIAPTN 'l”" o
..............
17, &/N INSP TEST 18, PART NAME INSPECTEO/TESTED T OTv I |20 DEFTV 71 AEs 22, LOT

22.1TEM 24. PART NUMBER FAWLED

/ 13082795

26. 8/N FAILED

oooo Y
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OPEN MARS LOGS
DURING TEMPERATURE LIST RUN

E 3TL 0267 Elect drawer open for connecting video
monitor.
E 3TL 1434 CID Camera Controller to be removed for
test. Has not been.
%; E 3TL 1286 Laser shield pin sheared. Has been
_ fixed.
- |
' E 3TL 1450 Digitizer plug in failure. Has not been
Eﬁ fixed. We are using a unit.
E 3TL 1472 PPG pulse width test failed during ATP
tool sell off. Problem has not
. returned. Log is open pending more
p " tests.
;i Q 3TL 1465 Laser simulator power supply failed.
B Supply is fixed is open.
F _ Quality
- E 3TL 1491 CID Camera Cable failure.
-
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